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WATCO . .. the only Double Tee forms of two-piece construction 
with one continuous, longitudinal weld for gteater stability and strength. 
Welds of underside of slab produces more attractive, ridge-free unit 

. no unsightly ridges in stems. This is one of many basic, specifically 
designed features of WATCO forms that appeal to successful pre- 
stressed concrete producers. If you'd like to know some of the other 
reasons why WATCO forms last longer, produce better units, we'd 
be pleased to send you information on our complete line of permanent, 
portable, interchangeable steel forms for prestressed concrete production. 


Theresa W#TCO form for every standard prestressed concrete section. 


PILING @ DOUBLE TEE SLABS ® FLAT SLABS ® GIRDERS @ GROINS @ BEAMS ®@ JOISTS 


PLANT CITY 
Welding & Tank Company, 


P.O. BOX 1308 PLANT CITY FLORIDA 























ANNOUNCING! An important new product 


for Prestressed Concrete manufacturing plants 


STRAND DEFLECTION DEVICES FOR 
LONG SPAN PRETENSIONED GIRDERS 




















Recent developments in the prestressed Con- x= 
crete industry indicate a strong trend towards 

the design and manufacture of long span j— 
beams and girders by the deflected strand 
method of pretensioning. 


The advantages of this method of manufacture 
are many — economy in materials — economy 
in labor — assurance of 100% bonded strands 
— more adaptable to mass production opera- 
tions, etc. 


e V ioe 


After months of research and testing we have 
recently developed efficient, easy to operate, 
labor saving devices* for deflecting, in one 
operation, large numbers of pretensioned 
strands for long span girders. These devices 
have been successfully used for bridge girders 
for the State of California. 
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Because of the proven need in the industry a 
for such equipment our devices are now avail- Bi pie 
able to all recognized manufacturers of pre- <i 
stressed concrete. In addition to furnishing p>. zi 
these units our services include engineering, = ni 
supervision of installation and instruction in P 
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If we may be of service to you in 
preparing your plant for this newest 
method of manufacture of prestressed 
concrete write for information to: 


BEN C. GERWICK, INC. 


PRECAST PRESTRESSED CONCRETE DIVISION 
417 MARKET STREET, SAN FRANCISCO 5, CALIFORNIA 


MEMBER POESTARSSED CONCRETE MSNTUTE 
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*Patent applied for. 














ELE NEL fe DIL r ms - ee en 








Pron Me Re nm Ree em 


CFal offers 
PRESTRESSED CONCRETE STRAND 





In order to better serve the Western Construction For complete details on CF&I Prestressed Concrete 
industry, CF&I is now producing Prestressed Concrete Strand ...as well as CF&I Steel Products for other types of 
Strand at its Pueblo, Colorado, Plant. concrete reinforcement, write today to General Sales Office, 


CF&I Prestressed Concrete Strand is manufactured to The Colorado Fuel and Iron Corporation, Denver, Colorado. 
exacting specifications with quality control throughout the 
entire manufacturing process. The strand is stress-relieved 
after stranding which improves the elastic properties, the 
flexibility and ease of handling and guarantees more uni- 
form physical properties. The strand has excellent bonding 
characteristics which make this an ideal material for pre- 
tensioned applications, 


PRESTRESSED 
CONCRETE STRAND 


THE COLORADO FUEL AND IRON CORPORATION 
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Less Gear Shift — More Work Shift 
With a Bucyrus-Erie Hydrocrane 


Ordinary crane carriers can't match a truck-mounted Hydro- 
crane for speed and. maneuverability on the highway. The 
result— the Hydrocrane wastes less time on the road; gives 
you more profit hours on the job. 


Compact size so important in traffic gives you extra leeway 
for maneuvering in narrow alleys, between buildings or even 
inside structures. Extremely short tail swing permits working 
in these close quarters where ordinary cranes have difficulty 
getting in. 


Telescoping boom that retracts neatly over the cab during 
travel extends and retracts hydraulically while working — 
reaches out to set precast slabs or beams—slips under 
branches and wires to pick up blocks, buckets or buggies; 
reaches over trucks and stockpiled materials. 


And there’s plenty of capacity and reach. The 10-ton Model 
H-S has a maximum boom length of 50 feet (plus 10- or 20-ft. 
jibs); the S-ton H-3, 38 feet (plus 10- or 18-ft. jibs). Find out 
all the reasons why Hydrocranes are solid favorites in the 


concrete industries. See your Bucyrus-Erie distributor for full 


details. seems 
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SOUTH MILWAUKEE, WISCONSIN 





BEST FOR POST-TENSIONING .. . 
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There is only one DUOFLEX casing specially designed for post-tensioning 
prestressed concrete used over bar, strand, or cable 


DUOFLEX is designed for the greatest possible economy to keep your bids low — 
providing the best possible price for casing delivered to the job-site. 


DUOFLEX casing has no peer. It is designed right and made right. 
Specify DUOFLEX casing and Grout Connections and be right on all counts. 


FLEXICO PRODUCTS, INC. 


Flexible Metal Hose and Tubing for Industry 


Metuchen, New Jersey 
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Grom the editor... 


In this issue we are printing a two-part report 
on a $23,000 research and testing program 
undertaken by the Engineering and Industrial 
Experiment Station of the University of Florida for 
the Prestressed Concrete Institute. This five-phase 
program covers “Steam Curing vs. Wet Burlap”; 
“Tests of Columns and Beams”; “Tests of Com- 
posite Sections”; “Testing of Continuous Mem- 
bers” and an unassigned category. The results, 
now appearing, will be worthy of your close 
attention as they represent one of the most ex- 
haustive testing programs yet undertaken on 
prestressed concrete. 

The primary function of the PCl JOURNAL is the 
exchange of ideas among the members of the 
Prestressed Concrete Institute in order to further 
the knowledge, application, production and use of 
prestressed concrete. To achieve this goal, mem- 
bers from every phase of the industry should 
make frequent contributions, technical and non- 
technical, to the JOURNAL. 

The program for the World Conference in San 
Francisco, California, July 29-August 2, is almost 
complete. It promises to be the best ever held in 
the United States — possibly in the world. Those 
who attend the Conference will meet and hear 
outstanding international authorities discuss the 
latest developments and applications in the field 
of prestressed concrete. 





The JOURNAL is published quarterly by the PRESTRESSED CONCRETE INSTITUTE, INC., 425 N. E. 5th 
Street, Boca Raton, Florida. TECHNICAL EDITOR: Dr. A. M. Ozell, University of Florida, Gainesville, 
Florida. ADVERTISING, SUBSCRIPTION and PUBLICATION OFFICE: 3132 N. E. 9th Street, Fort Lauderdale, 
Florida. DISTRIBUTION: Available without cost to all members of the Prestressed Concrete Institute. 
Additional copies offered to members at $1.00 per copy. SUBSCRIPTION PRICES: Single copies: $2.00. 
Subscription rate: $6.00 per year for four issues. For subscriptions outside the continental limits of the 
United States, add 20% to cover handling and mailing. 

Editorial contributions to the JOURNAL are welcomed, but publication cannot be guaranteed. All 
manuscripts should be submitted in duplicate and will be reviewed and approved by the Technical Editor 
prior to publication. Advertisements of products, services and materials allied to the prestressed concrete 
industry are welcomed in the JOURNAL. Address all inquiries concerning advertising rates and mechanical 
specifications to the Publication Office. Copyright 1957. 
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Florida Inspection & Rating Bureau 
and Prestressed Conerete Institute 
Reach Agreement on Wind and Fire 


An agreement was reached recently 
between the Florida Inspection and 
Rating Bureau and the Prestressed 
Concrete Institute concerning fire and 
wind insurance on prestressed con- 
crete structures, which will have far- 
reaching results. 

The agreement approved by the 
Florida Inspection and Rating Bu- 
reau, May 9th, will be forwarded to 
district and zone offices of the Bu- 
reau in Alabama, Georgia, Louisiana, 
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Mississippi, North Carolina, South 
Carolina and Virginia. 

This agreement establishes for the 
first time recognition by the Rating 
Bureau of specific requirements for 
full wind resistance. The 100% wind 
resistance should definitely prove an 
advantage in sales promotion of pre- 
stressed concrete products at practi- 
cally no added cost above existing 
practice. It stipulates that it is no 
longer required practice to pour a 


Insurance 








2” continuous slab on top of the tee 
and channel roof deck heretofore re- 
quired to obtain full wind resistance. 

Details for Item 2. (B) (d) below, 
can be done easily by any experienced 
engineer. No extra cost is involved in 
fabrication and erection. If, however, 
guidance is desirable to accomplish 
this work, send two prints of your 
detail work to Martin P. Korn, Exec- 
utive Secretary, PCI, for instructions: 


In a conference April 17, 1957 at 
the Florida Inspection and Rating 
Bureau at Jacksonville, Florida, be- 
tween R. P. Goodloe, Manager, his 
two Engineers, Robert R. Maguire 
and E. S. Baughan — for the BU- 
REAU, and Col. Martin P. Korn, 
M.ASCE, representative for the PRE- 
STRESSED CONCRETE INSTI- 
TUTE, the following agreement was 
reached: 


1. FIRE RESISTANCE of pre- 
stressed concrete roof construction 
was given One Hour Rating. That 


confirms existing practice by the BU- 
REAU. 


2. WIND RESISTANCE: 


(A) SEMI-WIND resistance classifica- 
tion was given to typical prestressed 
concrete roof construction as common- 
ly built. That rating confirms existing 
practice by the BUREAU. 


(B) COMPLETE WIND RESIST- 
ANCE, the highest classification with 
the lowest cost will hereafter be ap- 
plied to 2” prestressed concrete deck 
roof construction which meets the 
following requirements. 


(a) Double-tee and channel roof slabs 
shall be welded or bolted along abut- 
ting edges at distances not to exceed 
12 ft. Welds shall be not less than 
3/16” x 4” or 1/4” x 3”. Or a bolted 
anchorage device may be used which 
employs 3/16” metal straps suitably 
embedded and locked with one 5/8” 
field bolt. Other types of anchorages 
of equal strength not more than 12 
ft. apart will be acceptable. 


(b) Ends of stems of each tee or chan- 
nel roof slab shall be suitably an- 


3° 


chored by at least 1—%” bent dowel 
into a continuous supporting or per- 
iphery beam. 


(c) The supporting or periphery beam 
shall be of composite construction 
consisting of a prestressed concrete or 
reinforced concrete beam or lintel 
with suitable shear stirrups for con- 
crete poured in place to embed the 
tees or joists and roof slabs. The 
intent of this requirement is to make 
of the prestressed concrete roof joists, 
slab and periphery beam a mono- 
lithic structural unit capable of re- 
sisting negative and internal pressures 
in addition to external loads — safe 
against hurricanes and localized dy- 
namic forces. 


(d) Wherever the supporting or peri- 
phery beam is welded to a concrete 
column cap plate, all steel plates 
and/or deposited weld metal must 
have at least 1%” concrete or cement 
cover. To accomplish this require- 
ment, all steel plates must be kept 
back at least 1%” from nearest ex- 
posed concrete surfaces. Whatever 
clearances or recesses develop there- 
by must be filled with grout or neat 
cement. 


3. COMPUTATION OF INSUR- 
ANCE RATE: The rates for a com- 
plete building. are based on many 
factors involving contents, location, 
fire protection and individual physi- 
cal properties of its construction. Two 
buildings a block apart, built exactly 
alike and designed for “complete wind 
resistance” for the lowest rate on wind 
resistance would not necessarily get 
the same overall rate if one contains 
combustible materials, the other non- 
combustible materials; or if one was 
built by a certified contractor and the 
other by an inexperienced and ques- 
tionable one; or if one has a watch- 
man all day and night and the other 
none. Thus, it is plain that each build- 
ing must be appraised by itself for 
insurance rates. The above classifica- 
tions in 1 and 2 pertaining to Fire 
Resistance and Wind Resistance are 
merely basic. 
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TENTATIVE PROGRAM FOR WORLD CONFERENCE SET 


Harold A. Price, Chairman of the World Conference Publicity Committee, has an- 
nounced the tentative program for the five-day affair opening July 29 in San Francisco, 
California. The program represents months of exhaustive work by Prof. T. Y. Lin, Program 
Chairman, and his Committee, and shapes up as the most comprehensive conference on 
prestressed concrete ever attempted. Subject to last minute changes, the program is as follows: 


MONDAY, JULY 29 


8-10:30 a.m.—Prestressed Concrete Institute third annual membership meeting 
and breakfast. 


11 a.m.—Session |—Opening Session 

CHAIRMAN: J. W. Kelly, Professor and Vice Chairman for Special Programs, Department of 
Engineering, University of California 

WELCOME: J. Ashton Gray, President, Prestressed Concrete Institute. 

RESPONSE: Philip H. T. Gooding, General Secretary, International Federation for Prestressing 

KEYNOTE: William E. Dean, Assistant State Highway Engineer, State of Florida 


2 p.m.—Session |I—Materials and Techniques 

CHAIRMAN: L. H. Corning, Chief Consulting Structural Engineer, Portland Cement Associa- 
tion; Vice-Chairman, Executive Committee, Structural Division, American Society 
of Civil Engineers 

Post-tensioning Systems and New Grouting Methods in Germany—Professor W. Zerna, 
Hannover Technical University, Germany 

Prestressing Steel Under High Stress—Dr. W. O. Everling, U. S. Steel Corporation, Ohio 

Techniques and Problems in Pretensioning Strands—L. E. Hill, Engineer, John A. Roebling 
Sons’ Company, New Jersey 

















Fairmont Hotel, San Francisco, Headquarters for World Conference 
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Prestressing plant of Basalt Rock Co., Inc., Napa, Cal., one of the yards delegates to the WORLD 
CONFERENCE will inspect. 


Early High-Strength Concrete for Prestressing—?. Klieger, Research Engineer, Portland 
Cement Association, Illinois 

Properties of Lightweight Concrete Related to Prestressing—T. R. Jones, Jr., Research 
Engineer, Texas Agricultural and Mechanical College 


6-7 p.m.—Reception 


TUESDAY, JULY 30 


9 a.m.—Session I|l—Precast Prestressed Concrete Bridges 

CHAIRMAN: G. S. Paxson, Assistant State Highway Engineer, State of Oregon; Chairman, 
Bridge Committee, Association of American State Highway Officials 

Prestressed Bridge Practice in California—A. L. Elliott, Bridge Engineer, State of California 

Bureau of Public Roads Viewpoint on Prestressed Concrete Bridges—E. L. Erickson, Chief, 
Bridge Branch, Bureau of Public Roads, Washington, D. C. 

The 24-Mile Lake Pontchartrain Prestressed Bridge—W. F. Palmer, President, Palmer and 
Baker, Consulting Engineers, Alabama 

212 Prestressed Bridges for Illinois Toll Road—M. E. Bender, Chief Engineer, Joseph K. 
Knoerle and Associates, Maryland; and J. Janney, Consulting Engineer, Illinois 


12 noon—Prestressed Concrete Manufacturers’ Luncheon 

(Tickets available at registration desk) 

PRESIDING: Martin P. Korn, Executive Secretary, Prestressed Concrete Institute 
PANEL DISCUSSION: Techniques and Methods of Manufacturing 


2 p.m.—Session IV—Prestressed Buildings 

CHAIRMAN: N. A. Owings, General Partner, Skidmore, Owings and Merrill; Fellow, Ameri- 
can Institute of Architects 

Prestressed Units for Reynolds Aluminum Plant—R. H. Bryan, Consulting Engineer, Tennessee 

Our Experience with Prestressed Lift Slabs—Charles Peterson, Principal Structural Engineer, 
and A. H. Brownfield, Supervising Structural Engineer, Division of Architecture, State 
of California 
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Prestressed Shells and Precast Units—Professor A. M. Haas, Delft University, Netherlands 
Fire Resistance of Prestressed Concrete—A. W. Hill, Deputy Technical Director, Cement 
and Concrete Association, and L. A. Ashton, Fire Research Station, England 


8:30 p.m.—Session V—Technical Films with Commentary 

CHAIRMAN: Professor W. L. Lowry, Jr., Head, Civil Engineering Department, Clemson 
College, South Carolina 

The Wright Pretensioning Plant—G. W. Ford, Vice-President, R. H. Wright & Son, Florida 

Construction of Prestressed Concrete Lift Slabs—K. E. Rice, Chief Engineer, Western Con- 
crete Structures, California 

Prestressed Concrete Structures in Taiwan—M. H. Yuan, President, Chinese Engineering 
Society, Taiwan, China 

Construction of a 3-Story Prestressed Concrete Building—W. E. Brink, Prestressed Concrete, 
Inc., Minnesota 

Prestressed Poles—R. J. Finfrock, President, Finfrock Industries, Inc., Florida 


WEDNESDAY, JULY 31 


Morning and Afternoon—Field Trip—Assembly at 8 a.m., Fairmont Hotel 
ITINERARY: Ben C. Gerwick, Inc. Prestressing Plant, Petaluma—Piling Test; Basalt Rock 


Co., Inc. Prestressing Plant, Napa—Production Operations; Inspection of prestressed 
concrete structures en route. 


8:30 p.m.—Session VI—Technical Films with Commentary 

CHAIRMAN: C. C. Zollman, Consulting Engineer, Pennsylvania 

Manufacturing of Wire and Strand for Prestressed Concrete—R. O. Kasten, Union Wire 
Rope Corporation, Missouri 

Deflected Strands for Heavy Pretensioned Members—R. H. Singer, Ben C. Gerwick, Inc., 
California 

Deflected Strands for Illinois Bridges—C. H. Goodman, Material Service Corporation, Illinois 

Steel Forms for Prestressed Concrete—R. Hartup, Food Machinery and Chemical Corporation, 
Florida ; 


Prestressed Bridges in New Zealand—R. G. Norman, Engineer, Ministry of Works, New 
Zealand 


Aerial photo of Ben C. Gerwick Petaluma plant. 
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THURSDAY, AUGUST 1 


9 a.m.—Session ViI—Design and Construction in Various Countries 

CHAIRMAN: R. J. Ruble, Research Engineer, Association of American Railroads 

Recent Developments of Prestressing in Italy—Professor F. Levi, National Council of Research, 
Italy 

Prestressed Buildings in Active Earthquake Areas—Professor S$. Ban, Kyoto University, Japan 

Prestressed Concrete Continuous Bridges in Germany—Dr. F. Leonhardt, Consulting Engineer, 
Germany 

Prestressed Concrete Suspension Bridges in Belgium—Dr. D. C. C. Vandepitte, University 
of Ghent, Belgium 


12 noon—Prestressed Concrete Manufacturers’ Luncheon 

(Tickets available at registration desk) 

PRESIDING: Philip E. Balcomb, Manager-—AMDEK Division, Concrete Products of America 
Division of American-Marietta Co. 

PANEL DISCUSSION: Marketing of Prestressed Concrete Products 


2 p.m.—Session Vill—Prestressed Pavements, Wharves, Piles, and Dams 

CHAIRMAN: H. Layne, Consulting Structural Engineer; President, Structural Engineers 
Association of California 

Prestressed Airfield Runways—F. Mellinger, Director, Ohio River Laboratories, U. S. Corps 
of Engineers, Ohio 

Prestressed Piles and Wharf Members—Ben C. Gerwick, Jr., President, and W. J. Talbot, 
Chief Engineer, Ben C. Gerwick, Inc., California 

Prestressed Concrete Cylinder Pile-—M. Fornerod, Chief Engineer, Raymond Concrete Pile 
Company, New York 

Prestressed Dam in Algeria—Jean Muller, Freyssinet Company, France 


8 p.m.—Banquet (tickets available at registration desk) 
PRESIDING: T. Y. Lin, Professor of Civil Engineering, University of California 


SPEAKER: Bertram D. Tallamy, Federal Commissioner for Interstate Highway System, 
Washington D. C. 


FRIDAY, AUGUST 2 


9 a.m.—Session IX—Research on Prestressed Concrete 

CHAIRMAN: Walter H. Price, Chief, Engineering Laboratories, U. S. Bureau of Reclamation, 
Colorado; President, American Concrete Institute 

Research Projects at the University of Illinois—Professor C. P. Siess, University of Illinois 

Research Projects at Lehigh University—Professor C. E. Ekberg, Jr., Lehigh University, 
Pennsylvania 

Effect of Calcium Chloride on Prestressing Steel and X-ray for Measuring Anchorage Length 
in Pretensioned Tendons—Professor R. H. Evans, Leeds University, England 

Shearing Strength of Prestressed Concrete—Professor I. Lyse, Technical University of Norway 

Flexural Strength of Prestressed Concrete at Transfer—Professors A. C. Scordelis and T. 
Y. Lin, University of California, Berkeley 


2 p.m.—Session X—Fabrication in Various Countries 

CHAIRMAN: H. A. Price, Manager, Structural Products Division, Basalt Rock Co., Inc., 
California; Director, Prestressed Concrete Institute 

Pretensioning Plants and Production Methods in U. S. A.—P. Verna, Jr., President, Concrete 
Materials, Inc., North Carolina; Director, Prestressed Concrete Institute 

Multiple-Unit Construction in England—F. W. Gifford, Consulting Engineer, England 

Automation in Production of Prestressed Units, U. S. S. R.—Professor V. V. Michailov, 
Academy of Construction and Architecture, U. S. S. R. 

Closing Summary 
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COMPARISON OF 
PRESTRESSED CONCRETE 
CODES and SPECIFICATIONS 
OF VARIOUS 

EUROPEAN COUNTRIES 


A. M. OZELL (1) 
J. F. DINIZ (2) 





In view of the forthcoming World Conference 
on Prestressed Concrete, sponsored by the Uni- 
versity of California, Berkeley, California, to 
be held in San Francisco, July 29-Aug. 2, 1957, 
it was thought timely to present a review of 
the Codes, Specifications, and Recommended 
Practices currently in effect in some of the 
European countries. This was done so that the 
interested parties who might attend the Con- 
ference would have some background in fol- 
lowing the various papers to be presented and 
topics discussed by speakers from other coun- 
tries. To others it will give a general picture of 
what is being done in European countries jin 


the field of prestressed concrete. 


The following notes were taken from Giuseppe Rinaldi’s book IL CEMENTO 
ARMATO PRECOMPRESSO | (Prestressed Concrete) published in Italy in 1954. 
They are based on Codes published in Switzerland and Belgium and proposed “Codes” 
or “Recommended Practices” for other countries. 


I. ITALY 


CONCRETE f’, = 5,100 psi (cube) 
E,, = 4,250,000 psi 


Shrinkage coefficient 0.0005 in/in 


f, = 1840 psi 
f., = 85 psi (tension) 


Factor of safety against cracking: 1.15 
Factor of safety against failure: 2.15 


STEEL 


Prestressing tension: 0.75 ultimate strength 


0.90 elastic limit 
Over-stressing due to over-loading: maximum 4 % 
Losses in prestress — 15 to 20% 





(1) Professor of Civil Engineering, University of Florida, Gainesville, Florida. 


(2) Graduate Student in Civil Engineering, University of Florida. 
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II. BELGIUM 


CONCRETE f, = 1840 psi 
f. = 2,130 psi, if good quality is assured 
fs = 142 psi (tension) 
Mild steel reinforcement should be used if f,, exceeds 71 psi 


STEEL 197” (5mm) diam. wire f’, = 200,000 to 227,000 psi 
elastic limit = 170,000 psi based on permanent set 0.2% 
0.276” (7 mm) diam. wire f’, = 182,000 to 220,000 psi 
elastic limit = 156,000 or 170,000 psi 
Elongation at failure, measured over a length of 7.2 d; min of 8% 
Maximum tension per wire: 
0.197” diam. wire and 0.276” wire with elastic limit greater than 
170,000 psi: 135,000 psi 
0.276” diam. wire with elastic limit greater than 156,000 psi: 125,000 psi 


Ill. GERMANY 


CONCRETE ff’, = 4250 psi also f’., = 6,400 to 8,500 psi (cube) 
E.. = 4,840,000 psi 


E.. = 5,700,000 psi 
E.. = 6,200,000 psi, respectively 


STEEL Tension at prestress 
0.85 of elastic limit 
0.65 of ultimate strength 
E, = 30,000,000 for wires 
E, = 27,600,000 psi for strands 
E, = 22,700,000 psi for cables, parallel wires 
E 
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= 6.2, 5.2, 4.8 when steel bars are used 


7, 4.9, 4.5 when wires or cables are used 

= 3, 4.5, 4.1 to 4.7, 4.0 and 3.0 when strands are used. The 
values corre spond to the different ultimate strengths of concrete as 
described above. 
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IV. FRANCE 


CONCRETE Concrete must be of high quality, high strength and high density. It 
is characterized by its ultimate strength at 90 days both for compressive 
and tensile stresses. 


STEEL f. = 200,000 to 227,000 psi 
Prestressing tension 128,000 to 156,000 psi 


FACTOR OF SAFETY: Stresses in concrete must be within a range of safety 
defined by a homothetic reduction in the proportion of 1:0.28 with respect to the 
origin of the vectors representing stresses. During construction this reduction will be 
in the proportion of 1:0.45. 

Exceptions: 1. Under live load the maximum compressive stress will be 0.4f’.. 

2. It concerns the shearing strength in straight or curved beams in bending. 
The general condition of safety will not be considered sufficient if (one of the extreme 
stresses being tension) the proportion of the principal compressive and tensile stresses 
is less than 49/4 at any point in the section. In similar circumstances it will be 
necessary to provide stirrups, capable of resisting shearing stresses, and taking into 
account the action of concrete eventually cracked. One will assume that such cracks 
will be parallel to the principal extreme compressive stress in the point of the section 
in which the angle with the centroidal axis is maximum. 
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3. In a deflected beam, the extreme fibers should always be in com- 
pression. In the extreme fiber nearest the line of action of the prestressing steel, the 
minimum compressive stress should be at least 8% of the maximum compressive stress. 


TEMPERATURE EFFECTS: If + 1, is the unit expansion or contraction due to tempera- 


ture change, taking into account climatic conditions in France, the result should be 
290 less than 1,E, less than 430 psi 


SHRINKAGE IN CONCRETE: If 1, is the unit change in length due to shrinkage 
1, E, = 430 psi 

If shrinkage takes place before tensioning smaller values can be used, but not less 

than 140 psi. 


CREEP IN CONCRETE: The effect of creep can be considered as decrease in the 
value of E,.. If such is the case creep will be considered to have no effect on statically 
indeterminate reactions. For loads of short duration the modulus of elacticity of 
concrete will be E,, = 18,000V*£",, and for dead load, live load and prestressing and 
under repeated loads E,, = 6,000\/ ¥, 


EFFECT OF SHRINKAGE ON PRESTRESSING STEEL: 1, = 0.0002 in/in. For post- 
tensioning steel, a smaller value of at least 0.0001 in/in., can be used. 


f 
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EFFECT OF CREEP ON PRESTRESSING STEEL: It can be assumed that 1, = 
e 
where f, is the compressive stress in the concrete at the level of the prestressing ani 
and e, is the coefficient of deformation after creep. 
Eu Ecs 
e, = ———— = 9, 000Vf,, f 
Eot ary Eos 


~ =f, if f,, is greater than f’, 

and f, = f, if f’,; is less than f’, 
If f’,, is less than 0.80 f’, the formula above cannot be used and 1, must be increased. 
(f’,, = the ultimate compressive strength of concrete at 90 days in kg/cm’. 


V. SWITZERLAND 


CONCRETE f,; = 2.25 f,, where f, is the maximum stress caused by prestressing 
tensile strength: 3Vf’,_ 
600,000 f’.. 
E, = ————— kg/cm* 
200 + f, 


Unit shrinkage at 3 days ¢, = 0.00003 in/in. 
7 days ¢, = 0.00006 in/in. 

14 days ¢, = 0.00010 in/in. 

28 days ¢, = 0.00020 in/in. 

70 days ¢, = 0.00050 in/in. 


When prestressing is applied after concrete is aged at least 14 days, 
the magnitude of creep is equal to 1.5 times the elastic strain. 


STEEL Ultimate strength 170,000 psi, elastic limit 142,000 psi 


ALLOWABLE STRESSES: Concrete—Compressive stresses 0.4f’,;, minimum 1,700 psi 
principal tensile stresses 0.02f’.,, max. 114 psi 
(diagonal) 
No tensile stresses are allowed except during 
construction. 
Under anchoring devices a compressive stress of 
- 
lil be allowed provided the bearing area is 
1.5 
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not at the edge of the beam and the edge dis- 
tance is at least 1/3 of the least dimension of 
the bearing plate. It is recommended that mild 
steel be provided to ‘take diagonal tension in 
this zone. 

Steel— _ 0.70 of ultimate strength 
0.85 of elastic limit 


FACTOR OF SAFETY (FS) The factor of safety against cracking will be at least 1.5, 


assuming that the tensile strength of concrete is % of the 
modulus of rupture. 


My, Smin + af ot 





Fs = = = 15 
M, Sp 
where M,, = bending moment due to load that causes 
cracking 
M,, = bending moment due to design load 
a = % for continuous construction 
0 for joints 
Smin == Minimum compressive stress in the fiber 
subjected to cracking, after shrinkage and creep. 
S, = bending stresses due to design load 


The factor of safety against failure, for bending moment 
and shearing stress, under combined dead and live loads, 
must be at least 2. 


VI. ENGLAND 


CONCRETE The mix should not be leaner than 1:11/2:3 in weight (7.8 bags of 
cement per cu. yd.) 


ultimate strength 
STEEL Cold drawn wires, maximum diameter 0.197” (5 mm) 200,000 to 245,000 psi 
Cables of 2 or 3 wires, maximum diameter 0.118 ” 





Bars of 0.197” (5 mm) maximum diameter 156,000 psi 
Elastic limit must be 0.70 and 0.80 of ultimate strength and 111,000 psi 
respectively. 


Bar diameter must not exceed 0.590” (15 mm) and ultimate strength 
must be at least 135,000 psi. Elongation at failure should be at least 5%. 


ALLOWABLE STRESSES—concrete at 28 days: eccentric compression 0.33f', 
concentric compression 0.27f", 


tangential tension 0.033f’,, but less 
than 118 psi 
principal tension 0.027f'., 


concrete at release: eccentric compression 0.22f’, 
concentric compression 0.18f’, 
tangential tension 0.022’, 
principal tension 0.018f', 
steel—tensioning should not exceed 0.80 of elastic limit 
or 0.70 of ultimate strength for bonded steel and 
0.75 and 0.60 respectively for unbonded steel. 


FACTOR OF SAFETY—Ultimate load = 2.5 X working load. 


LOSSES IN PRESTRESS—pretensioned members: 34,000 psi 
post-tensioned members: 15,600 psi 
If stresses in the steel exceed 150,000 psi the losses men- 
tioned above should be increased. 
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PCI JOURNAL EDITORIAL ADVISORY COMMITTEE NAMED 


17-Man Group Will Solicit Original Articles 
For Publication In Quarterly Book. 


The PCI JOURNAL is entering its second year of publication. Vol. 1 has come up 
to all expectations. Volume 2 will be even better. As part of the improvement program, a 


Journal Editorial Advisory Committee has been appointed to solicit original manuscripts 
for initial publication in the PCI quarterly. Martin P. Korn, Executive Secretary, is 


Chairman of a new, 17-man committee formed for this purpose. Serving with Korn will 


be Professor A. M. Oczell, Journal Tech- 
nical Editor, College of Engineering, Uni- 
versity of Florida, Gainesville. 

Fifteen field editors have been named 
to serve with Korn and Ozell. 

They are: Dr. Emil Schmid, Sika Chem- 
ical Corporation, Passaic, N. J.; Philip E. 
Balcomb, Concrete Products Co. of Amer- 
ica, Pottstown, Pa.; Ross H. Bryan, Consult- 
ing Engineer, Nashville, Tenn.; Frank 
Spangler, Empire Building Material Co., 
Portland Ore.; L. L. Gerber, The Prescon 
Corp., Corpus Christi, Tex.; H. Kent Pres- 
ton, John A. Roebling’s Sons Corp., Tren- 
ton, N. J.; Alvin R. Schwab, American Steel 
& Wire, Cleveland, O.; Richard C. Clark, 
Southwest Structural Concrete Corp., San 
Diego, Cal.; R. O. Kasten, Union Wire Rope 
Corp., Kansas City, Mo.; Charles J. Fox, 
Rods, Inc., Berkeley, Cal.; H. M. Shaw, 
N. C. Products Corp., Raleigh, N. C.; M. 
R. Fornerod, Raymond Concrete Pile Com- 
pany, New York, N. Y.; Robert E. Peacock, 
Portland Cement Association, Orlando, Fla.; 
W. J. Blanton, Concrete Structures, Inc., 
Richmond, Va.; R. M. DuBois, Freyssinet 
Company, New York, N. Y. 

This truly is a most representative board, 
with members from all phases of the indus- 
try and from all sections of the country. 

In announcing the appointment of the 
Editorial Committee, Martin Korn _indi- 
cated that each member should be on the 
lookout for interesting jobs being erected, 
unusual designs or manufacturing operations 
and anything at all that will advance the 
design, manufacture and construction of pre- 


stressed concrete. 
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A mimeographed “Instructions to Auth- 
ors” sheet is available which sets forth 
the mechanical requirements for submitting 
articles to the PCI JOURNAL. Copies are 
available from members of the Editorial 
Committee, the Executive Secretary, or the 
PCI Publication Office. 

We are on the threshold of one of the 
greatest years in the history of prestressed 
concrete in this country. All our readers are 
urged to seriously consider the needs of the 
PCI JOURNAL, the official spokesman of 
the industry. Submit your own articles, or 
put us on the trail of potential contributors. 
With the help of all of you, the PCI JOUR- 
NAL will remain second to none in its field. 
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Behavior of Simple-Span 
And Continuous Composite 
Prestressed Conerete Beams 


BY A. M. OZELL, Professor Civil Engineering, University of Florida, Gainesville 





part 1 
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The following report, presented in two 
sections, is part of a research project co- 
sponsored by the Prestressed Concrete 
Institute and the Civil Engineering Depart- 
ment of the University of Florida. 

Messrs. M. C. Greene, Jr., R. E. Wright, 
and D. A. Sawyer were helpful in conduct- 
ing the tests and preparing this report. 


INTRODUCTION 


(1) The design of prestressed concrete com- 
posite beams is based on the assumption 
that the precast and cast-in-place portions 
bond to act as a monolithic unit. Small dif- 
ferences in the properties of the concretes 
are usually neglected. Due to the large 
number of variables and cross-sections used 
in this type of construction an exact theo- 
retical analysis is difficult. The limited 
knowledge of the behavior of composite 
beams presents many questions for investi- 
gation. Do the sections act monolithically? 
What is the nature of the bond and restraint 
between the two concretes? How are the 
cracking load and ultimate load affected? 
What is the effect on the stiffness? It can- 
not be said that what is true for one type 
of composite beam will necessarily hold for 
other types. Designs employing this type of 
construction are necessarily conservative and 
limited and heretofore have been accepted 
only after sufficient tests have proven the 
particular section so designed and con- 
structed to be safe under normal use. Most 
designs have called for roughened contact 
surfaces, shear keys, and ties to prevent 
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Fig. 1—Description of Test Specimens 
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Fig. 2—Beam A-4 and A-5 After Failure 


bond failure along the plane of contact. 

This study was planned to determine the 
effect of the degree of roughness of the 
contact surfaces and the effect of shear 
ties upon the behavior of composite beams. 
Because of the small number of beams 
tested, as many other variables as possible 
were held constant. Flexural strains, deflec- 
tions, concrete properties, and the behavior 
of the beams were studied to draw con- 
clusions on the properties of the composite 
section. The limited amount of research on 
which this paper is based is a small step 
toward a more complete understanding of 
composite action. 
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DESCRIPTION OF TEST BEAMS 


The specimens used in these tests were 
made of prestressed beams 8 in. wide and 
10 in deep (see Fig. 1). These were later 
topped with a cast-in-place portion also 8 
in. wide and 10 in. deep making a composite 
beam 8 in. wide and 20 in. deep. The cen- 
troidal axis of the composite beam coincided 
with the plane of contact. (Differences in 
concrete properties in the prestressed and 
cast-in-place portions were neglected.) The 
overall length of the specimens was 20 ft. 
The prestressed beams were cast by Dura- 
Stress, Inc., of Leesburg, Florida, and wet- 
burlap cured for four days before stress 
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Fig. 3—Beams of Group B, C 
and D After Failure. 
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Fig. 4—Beam B-4 After Failure, illustrating combined moment and 
roughened contact surface. 
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shear failure 


in a beam with 


PCI Journal 





Raa eS a 


uae 


cere 





23 







































































seoys pue yuawow yeridAy (4) juiol ayy Suoje seays jeyuoziopy (7) 

juiof ayy Suoje y2e19 yuanbasqns yyim yuowow jeridAy (¢) juowoy jeridAy (1) 

16 79 a 7 SILS lvb | S\L9 | 9SEL | SLLEZ ' LI8 066'€1 “Bay 

(L) Lo vy | pSEL OSL‘€Z 618 O£0'r1 €-d 
(€) | 16 79 8SEL 002'€Z S18 0S6'El i. 

:pua yrea ye saiy seays snoy ‘auejd yDe}U0D Yyyoows ‘q dnossd ‘sweag a}1sodwo> 

be 6+ LO'r 00¢S Zl'b 08S | EOF 0S0'bz 9ZL Orr'Z1 “Bay 

(€) L6 9°S | ZObl 00L‘bZ Lol 06/'Z1 €-9 

_(é) oe | Sort 000'+z 90L 060'Z1 z-9 

7S$91} 4IYS SMONuIjUOD ‘auejd yDeyU0D YyyOOWS ‘> dnois ‘sweag a}IsOdwo> 
_(y) | l6 | we | zie =| oes | tLe | o7wo | o60er | ogez {| zoe | ooz i! v9 
:auejd yDe}U02 ysnod ‘g dnosy ‘sweag ayisodwo-> 

16 ZS LO'v 06¢S 12'S 0228 @7Z1 006'0Z 103 069°EL “Bay 

(€) 9S OSEL OOL'EZ 818 086'€1 Sv 

__ 8b Sé60l 00z'8l S8L 00r EL z-Vv 

:auejd y2e3uU0> yyoows ‘wy dnois ‘sweag o}!1sodwio07> 

(1) stl lb'b SLL9 €ZS 0S6'8 SOE OLL'y \-d 

(L) v8 +0'b SZ€S 69S OLL 6 OzE OLb'S I-3 

(L) elt \L'b 079 90% 0S9 8 767 066'+ \-d 

(L) 7T1Z El'b ObZZ 109 087'0l S6E OSL'9 L-V 

:sweag a}ISodwo>)-uoy 
aanpiey yua219q4 yuadsaq oOL X Ol X diy “us “ql diy “ui “i ON 
jo adky doy + doy ae or | ay dog doy jyuawow peo> yUDWOW-: peo> wesg 
4n Bulyre4> doy weag ayewiyin Bu1y2e175 
4€ SS8145 es ayisodwo> passasjsoig 
ogg Oh | O84 HE isd saijsadoig 94012U07> a 




















ee ao eee oe Sirsa 


uedspi- 3€ popeoy sweag jo syjnsay ysoy yo Asewwing —] ajqey, 


June 1957 
















































































juowow jyeridAy = (Z) 
juiol ayy Buoje seays yeyuozuoyy (|) 
el a Le) zi» =| Ses =| eet =| Sete =| ~—COit8 | oor'si | “Bav 
(2 | ~~ €01 . | Z9¢1 OvE'EE 018 OSP'81 S-D 
| | | 
(Z) fe | o | 08z1 00z'6z 018 OLb‘81 2 
6 of | Zr je 3 oes =| tke | ote i? SEI | S99‘0€ =| 189 | O€s'‘Sl | ‘Bay 
(7) | 6 | 8b | ySEL 088°0E veh =| (O86 | EA 
(2) | 6 | wh 9EEL osr'0e Li9 os'rt | 78 
= — = 4 — es Se | = — ‘i | | | | | — 
| © | ¢ | wp | om 17'S 0zz8 \SEL 059'6Z 106 0SS‘0z ‘Bay 
(Z) L6 | €. | bbl 009°0£ S68 006'0z b-V 
(L) $8 LL | o9zl 002'8Z 806 00L‘0z €-V 
| 
aanjiey | 4ua2u2q weed | OLX | Ol X diy ut diy us diy “ur “qi ‘ON 
yo adky | oF ee a? ee | me, ~s | “a quawow | peor juawow | peor weag 
peo? “3iN Bury2ea doy weag ayewisin Buryoe1> 
48 880195 oe | ayisodwios passesysaig 
“7, | 984 OO can isd saijsedoig 93012U05 
JUIOg 49}4eEND 4e papeoy swieag ajisoduio> yo syjnsay ysay yo Arewwing — jj age, 


PCI Journal 


~~ 
N 








release, at which time the cylinder strength 
was in excess of 4000 psi. Mix design per 
cubic yard of concrete was as follows: 


8.5 bags Type III cement 

27 gallons water 

8% quarts Pozzolith 

1094 lb. Tavares sand (fineness modulus: 
2.30; specific gravity: 2.63) 

1880 lb. Brooksville stone (SRD type 9; 
specific gravity: 2.52) 


This mix had a 3-in slump. 

Prestressing steel consisted of three 7/16- 
in. diameter, seven-wire Roebling strands, 
with an initial tensioning load per strand of 
18,900 lb. The strands were straight and 
bonded along the entire length of the 
beams. 

Thirteen composite and four non-com- 
posite beams were tested. Contact surfaces 
between the precast and cast-in-place por- 
tions varied. Groups A, C and D had wood 
float finish on the top contact surface. 
Group B had a rough top surface obtained 
by allowing the concrete to harden as de- 
posited and vibrated. Group C had No. 4 
shear ties projecting 3 in. above the contact 
surface at 6 in. on centers along the entire 
length of the beam. Group D, only, had 
four No. 4 shear ties spaced at six inches 
on centers at each end of the beams. All the 
beams of each group were cast at the same 
time and in the same casting bed. 

Concrete from a local ready-mix plant was 
used for the cast-in-place portion of the 
composite section. Concrete strength of 
4000 psi at 28 days was specified. Prepara- 
tion of the top surface of the precast beam 
for additional concrete consisted of keeping 
the surface wet for several hours prior to 
casting. The contact surface was not grout- 
ed. The cast-in-place concrete was vibrated 
mechanically and cured with wet burlap for 
a period of five days then air cured until 
testing. During casting of the composite 
section the precast beam rested on supports 
at each end. 


TEST PROCEDURE 


All beams were tested with a 400,000-Ib. 
Riehle, screwpower, beam-balance, testing 
machine with a single concentrated load at 
mid-span or at the quarter point. Span length 
was 19 ft. 6 in. center to center of supports. 
Steel plates, 6 in. x 12 in. x 1 in., were used 


for bearing at the supports and under the 
load. 
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Beams were loaded in 2,000-lb. incre- 
ments up to cracking, then loaded con- 
tinuously up to ultimate load. Strain and 
deflection readings were taken at each load 
increment. Cracking loads were obtained 
accurately by keeping the weighing beam 
continuously balanced until the visual ap- 
pearance of the first crack. Ultimate load 
was obtained in a similar manner. 

Concrete strains were measured with a 
Whittemore mechanical strain gage having 
5-in. gage length. No strain readings were 
taken after cracking occurred. 

A large number of gage lines were used 
in order to obtain an average strain distri- 
bution to compensate for possible inac- 
curacy of individual readings. Gage points 
were placed at mid-span of all beams at a 
vertical spacing of two inches over the 
entire depth of the section on both sides. 

The deflection readings were taken with 
a .001-in. dial indicator. 

All calculations were based on the stand- 
ard design loads of the prestressing steel, 
assuming 10 percent loss of prestress. No 
attempt was made to determine the exact 
loss in prestress. The prestressed beams of 
all groups were tested 27 to 38 days after 
stress release, while the cast-in-place con- 
crete was 11 to 16 days old at the time of 
testing. 

At least three cylinders were tested for 
both concretes in each beam on the same 
date as the beam was tested. The cylinder 
strength and the initial tangent modulus of 
elasticity values are presented in Tables 
I and II. 

One beam in each group was tested with- 
out any composite topping. 


DISCUSSION OF TEST RESULTS 


The cracking as well as the ultimate 
loads for all four groups of composite beams 
loaded at mid-span were approximately the 
same (Table I). Some slight differences 
ccu'd be attributed to the variation of con- 
crete strength in each group. The same was 
true for beams loaded at the quarter point 
(Table II). It should be noted that all beams 
in group B cracked at slightly lower loads 
than the beams of the other three groups. 
These beams were presumably damaged in 
transit, since haircracks were observed 
when they were delivered to the laboratory. 
However, the cracks did not materially 
affect the ultimate strength of the com- 
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posite beams of group B either for the mid- 
span or quarter-point loading. 

The type of ultimate failure was not ma- 
terially affected by the location of the test 
load. One of the two group-A beams failed 
by horizontal shear along the joint and the 
other by typical moment failure, both when 
the test load was applied at the quarter- 
point and at mid-span (see Fig. 2). With 
one exception, beam B-4, all beams in 
groups B, C, and D exhibited a typical mo- 
ment failure (Fig. 3) with no evidence of 
non-monolithic behavior. Beam B-4, loaded 
at mid-span, failed in a combination of mo- 
ment and shear (Fig. 4), but there was no 
evidence of a shear or bond failure along 
the contact surface of the two concretes. 


Beam A-4, one of the group A beams 
with a smooth contact surface, showed a 
typical moment failure. This beam alone 
of Group A, behaved monolithically up to 
the ultimate load. 


Beams A-2 and A-3 both failed in hori- 
zontal shear along the contact plane be- 
tween the two concretes. Beam A-5 failed 
in flexure together with a 30-in. crack along 
the contact surface as shown in Fig 2. The 
group A beams, in which the two concretes 
separated, failed at slightly lower ultimate 
loads than the beams of groups B, C, and D. 
This is particularly noteworthy since f",, 
cylinder strength of the concrete in cast-in- 
place topping, of the A beams was about 
the same as for the other three groups. 

The failure of beams D-2 and D-3, the 
group with four shear ties at each end, is 


illustrated in Fig. 3. Both of these beams 


showed typical moment failure except beam 
D-3 which cracked along the joint after 
failure. 


The failure of beam A-2 was the most 
dramatic of the series of tests. This beam 
was loaded at mid-span and, as ultimate 
load was approached, a separation of the 
two concretes was noted under the point of 
loading. As the load increased this separa- 
tion extended toward the supports in short 
increments, and failure occurred with a 
sharp popping sound. At ultimate load the 
concretes had separated up to about 20 in. 
from the supports (Fig. 5). At failure, the 
cast-in-place portion of the beam pushed 
outward relative to the precast section and 
cracked the end of the precast beam off in 
tension and shear. Instant relief of the com- 
pressive stress in the composite topping 
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caused wide tension cracks across the top 
portion of the beam. The two concretes 
remained bonded together over the supports 
even after one block of the concrete fell to 
the floor at failure. 

For composite beams loaded at mid-span, 
the average calculated horizontal shear 
stresses (using the uncracked section and the 
expression vy = VQ ) along the contact 


Ib 

plane, at cracking load, for groups A, B, C, 
and D were 64, 57, 58, and 66 psi, re- 
spectively; at ultimate load the average hori- 
zontal shear stresses were 98, 105, 114, and 
109 psi, respectively. For beams loaded at 
quarter-point the average calculated hori- 
zontal shear stresses at cracking for groups 
A, B, and C were 145, 109, and 130 psi, re- 
spectively; at ultimate load these stresses 
were 208, 216, and 219 psi, respectively. 
According to these results, in the design of 
composite beams of similar geometry and 
loading, it is believed that a minimum bond 
strength of 0.02 f’,. could be assumed be- 
tween the two concretes regardless of the 
condition of the contact surface. 





Strains 


Flexural strain distribution of the beams 
gave further evidence of complete bonding 
of the two concretes and of monolithic and 
elastic behavior. The strain distribution 
curves (Fig. 6) indicated a possible excep- 
tion in the case of beam A-2 which had a 
smooth contact surface and was loaded at 
mid-span. One interpretation of the dis- 
continuity in the curves at the joint is an 
indication of bond failure before cracking. 
This single case is not sufficient basis for a 
definite conclusion. 


Deflections 


Since the deflection of composite beams 
in flexure is a measure of their stiffness, the 
degree to which the two parts of the beam 
work together, a comparison was made to 
determine what significant difference exists 
between the composite beams having the 
four different bonding surface conditions. 
The load-deflection curves for mid-span and 
quarter-point loading (Fig. 7 and Fig. 8) 
show no appreciable difference in the be- 
havior of the groups up to the cracking load, 
beyond which no readings were taken. 

The measured load-deflection curves 
agreed very closely with values computed 
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using elastic theory. For beams loaded at 
mid-span, the center deflection will be: 
12 EI 4870 

using the theoretical value of the moment 
of inertia, and the average of the measured 
elastic modulus values. This value agrees 
almost exactly with the value determined 
from the load-deflection curves. For beams 
loaded at the quarter-point, the computed 





value of the deflection is which 





M 
5320 
agrees closely with the measured value of 

M 
5200 ” 
quarter-point. 


where M is the moment at the 


Ultimate Loads 


The calculated ultimate moment values 
for the test beams determined by Whitney’s 
method (1367 in. kips) were in close agree- 
ment with the average of the test results of 
beams failing in moment (1379 in. kips). In 
computing values by Whitney’s theory, 
values of f’,. from cylinder tests and ulti- 
mate strength value (27,000 Ib. for 7/16-in. 
strand) for prestressing steel were used. 

The observed compression failure block 
in the composite beams varied from 1% in. 
to 2 in. which gives an ultimate strength of 
1361 in. kips for a 1%-in. block using the 
averages f’,, value. 
tence the composite beams of groups B, 
C, and D behaved monolithically up to the 
ultimate load. Based on elastic behavior, 
the design of such composite beams could 
be accomplished with certainty of composite 
action. It should be pointed out, however, 
that the beams tested were subjected only 
to slow-acting static loads. Their behavior 
could be different under repeated or sudden 
load applications, or both. 

Calculated bottom-fiber stresses in com- 
posite beams at observed cracking load 
(Tables I and II) were lower than expected. 
This could be attributed to stress losses 
greater than the 10 percent assumed. The 
maximum compressive stresses at failure, 
using the measured compression blocks, were 
91 to 98 percent of the cylinder strength 
f’... Group C, was consistently high both 
for mid-span and quarter-point loadings 
while groups A, B, and D developed about 
91 percent of the cylinder strength. Never- 
theless, all the beams tested developed 
stresses greater than the 0.85 to 0.90f',, 
which are the values generally used in com- 
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puting ultimate strengths. Therefore, it 
could be said that although beams with 
continuous ties were slightly stronger than 
the others, beams with rough contact sur- 
faces and only a few shear ties would de- 
velop the minimum expected strength under 
static-loading conditions. 

To assure composite behavior, since 
rough contact surfaces may not function as 
expected in all field conditions, some shear 
ties should be furnished. According to 
code requirements stirrups would be used 
throughout the span length, therefore, these 
stirrups could be made also to serve as shear 
ties by projecting them about 3 in. above 
the prestressed beams. The added cost of 
longer stirrups would be worthwhile since 
composite action would be guaranteed. 


CONCLUSIONS 


Test results reported herein, as applied to 
these particular composite beam sections 
and loading conditions, lead to the following 
conclusions: 


1. The friction and natural bond be- 
tween the cast-in-place and the precast 
concretes is sufficient to resist all 
horizontal shearing forces up to crack- 
ing load. To insure monolithic action 
beyond the cracking load, the contact 
surface should be roughened to pro- 
vide mechanical bond. 


2. Although there seems to be almost no 
distinction in the behavior of beams 
with roughened contact surfaces but 
having no shear ties and those with 
stirrups extending into the cast-in- 
place concrete, use of long stirrups to 
serve as shear ties seems advisable to 
insure a more positive composite 
action. 


8. The assumption of elastic behavior for 
composite sections of this type is 
valid. 


4. The actual moment of inertia may, 
for all practical purposes, be consid- 
ered the same as the theoretical mo- 
ment of inertia. 


5. Deflections may be predicted ac- 
curately using the theoretical moment 
of inertia. 


6. Ultimate moments may be predicted 
by Whitney’s method with good ae- 
curacy. 


$l 








Peculiarities and 


shortcomings of 


prestressed concrete in 


Florida bridge practice 


BY W. E. DEAN 
Ass’t. Highway Engineer 
State of Florida 


During the past six years the use of pre- 
stressed concrete members has become an 
increasingly important part of Florida bridge 
practice. Considering the lack of long estab- 
lished precedents in American construction 
and our lack of familiarity with necessary 
techniques our difficulties have not been 
serious. No problems have as yet been pre- 
sented for which a reasonably satisfactory 
solution could not be worked out. However, 
as materials and techniques used have some 
aspects and peculiarities with which we 
were not familiar, it is not surprising that 
some problems have developed. The pur- 
pose of this paper will be to describe a 
few of these practical problems in the 
hope that our experiences may be helpful 
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to those whose prestressed practice has 
not, as yet, been formulated. 

With the full cross section of a prestressed 
member under compression for all applica- 
tions of load, considerably higher working 
stresses than are used in reinforced concrete 
practice are desirable and economical. Con- 
sidering the very substantial investments 
necessary for beds, forms and _ stressing 
equipment, practical construction economy 
dictates as rapid a turnover as possible in 
order to minimize overhead charges. These 
factors necessitate a uniformly high strength 
concrete at an early age. Some plants pro- 
ducing prestressed members for the building 
industry in Florida have resorted to the 
use of very rich mixes employing 8% bags 
or more of Type III cement per cubic 
yard. With such mixes and the use of steam 
or hot water curing, cylinder strengths of 
3,000-4,000 psi in 24 hours or less have 
been produced. For a number of reasons the 
use of such rich mixes has been avoided 
in our bridge practice and we have en- 
deavored to obtain the necessary strengths 
by means of very careful proportioning, 
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the use of plasticizing, densifying admix- 
tures and cement content not above 7 begs 
per cubic yard. After much experimenting 
a standard mix employing 6% bags of ce- 
ment and certain approved admixtures has 
been developed. The maximum cement con- 
tent allowed in any mix is 7 bags. The use 
of Type I or Type III cement is usually left 
to the producer’s option, however with 
the steam or hot water curing generally 
employed, most producers are using Type I. 
With this mix and natural Florida aggre- 
gates concrete is consistently being produced 
with 4,000 psi strength at about 5 days age 
with conventional curing methods and aver- 
age temperatures not below about 60°. With 
steam curing 4,000 psi strength is generally 
obtained at 48 hours. Twenty-eight day 
strength is consistently above 5,000 psi. 

Stress transfer is always made after the 
concrete has developed a minimum specified 
strength. This has quite generally changed 
our conventional practice of loading concrete 
at certain ages. The strength is judged by 
cylinders cured exactly as the prestressed 
members rather than by any standard meth- 
ods. The necessity of having strength data 
constantly available has required the placing 
of cylinder breaking machines in the yards 
of all major producers rather than utilizing 
a central laboratory. 


The two types of prestressed members 
that have become firmly established in 
Florida bridge practice to the near exclu- 
sion of other types are piles and I-shaped 
beams for trestle spans. Each has a few 
peculiarities that might be recognized. 

Perhaps the most noticeable property of 
prestressed concrete piles as compared to 
conventionally reinforced piles is their abil- 
ity to withstand very severe driving and 
handling forces if properly stressed. Early 
experiments established a criterion of about 
800 psi initial stress at transfer as the 
proper value for stressing. In early experi- 
ments it was apparent that with about 400 
psi pile stress, the rebound effect, particu- 
larly when driving in plastic materials, was 
sufficient to set up tensile or shearing forces 
that would destroy the pile. At 800 psi 
they seem almost indestructible with cus- 
tomary driving equipment. It has been in- 
teresting to discover that this empirical 
initial stress of about 800 psi has been veri- 
fied and arrived at by entirely independent 
experience of several others. 
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With this amount of stressing and the 
usual pile cross sections, single line pickups 
are used to lengths of about 70 feet without 
stress reversal. 

One occasional disadvantage comes when 
a pile is driven below grade without de- 
veloping the necessary resistance for safe 
bearing value. With a reinforced pile using 
about 2% of the pile area as bar reinforce- 
ment, a substantial splice can be made by 
lapping or welding the bars. The pile can 
be built up and driving continued after the 
concrete in the built up section has cured. 
The small cables used for prestressed re- 
inforcement generally comprise only about 
% of 1% of the pile area. This small steel 
area is insufficient as nonstressed reinforce- 
ment, for a suitable splice. Where further 
driving is not necessary a splice can be 
made by lapping the cables with bars and 
drilling in a few dowels but if further 
driving is needed it is usual procedure to 
pull the pile and substitute a longer one. 


In conventional reinforced concrete beams 
the maximum stress to be resisted is a 
combination of dead and live loads that 
may not be applied to the member until 
the structure is completed, if ever. As a 
contrast the maximum stress ever applied 
to a prestressed beam usually occurs at a 
very early age under stress transfer. Subse- 
quent loadings usually act to reduce this 
initial stress as do all losses due to creep 
and other causes. For this reason a pre- 
stressed beam is usually a pretested mem- 
ber. If it behaves as expected under the 
stressing operation it may reasonably be 
expected to give satisfactory service under 
subsequent loadings. 

A peculiar but logical characteristic of 
prestressed concrete is camber of members. 
Immediately after stressing a beam there 
will always be a heavy compressive stress 
in the normally tensile fibers and little or no 
stress in the fibers on the opposite side of 
the member. This results in a humping of 
the beam immediately upon transfer. This 
camber is likely to increase due to plastic 
deformations unless it is countered by the 
application of additional dead load. Under 
full dead load, if the top and bottom fibers 
of a beam are at approximately the same 
stress, camber may be expected to be 
checked. If the bottom of the beam is under 
stress that will tend to shorten the lower 
fibers relative to the top, camber will in- 
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crease. If the top of the beam is under ap- 
preciably greater compressive stress than 
the bottom sagging will occur until a state 
of plastic equilibrium is reached. Stress 
conditions under various stages of loading 
should be examined with deflections calcu- 
lated for instantaneous and delayed strains. 
Deflections cannot ordinarily be predicted 
with the accuracy expected for structural 
steel. Values for modulus of elasticity are 
approximate at best. However, a calculated 
evaluation combined with judgment will 
usually give results within acceptable limits. 

The operation of stressing introduces an 
ingredient of manufacture that must be as 
closely proportioned as any other construc- 
tion requisite. It is imperative that the 
quantity of stress be checked by both the 
elongation of the tendons and by jacking 
pressures and that results be reconciled 
within specified limits. Neither method of 
measurement is sufficient in itself. Friction 
between sides of ducts and tendons is a 
principal cause for disagreement between 
the two methods of measurement. Tangling 
of cables in a long pretensioning bed has 
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been another. It is often necessary, in order 
to overcome friction and compensate for 
anchorage losses, to over elongate and then 
slack off. Final acceptance of a member 
will generally be based on elongation of the 
tendons but if dangerous over stressing and 
general abuse is to be avoided jacking 
pressures must be known at all stages of 
manufacture. 

Prestressed beams with spans up to about 
100 feet are particularly adapted to mass 
production in standard shapes by centrally 
located yards. For uniformity of production, 
accuracy and high quality of casting the 
use of steel forms and concrete floored 
casting pallets is desirable. In the manu- 
facture of I-type beams with steel forms 
it has been found that changes of slope be- 
tween intersecting planes should not be 
abrupt and all corners should be generously 
rounded. In Figure 1 is shown a cross 
section of the prestressed I-beam used in 
the 363 trestle spans of the Lower Tampa 
Bay Bridge. This was the first prestressed 
bridge job in Florida and received world- 
wide publicity in the technical press. The 
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slope of the underside of the top flange at 
1%” in 5” makes a rather severe re-entrant 
angle with the web of the beam. The forms 
for these beams were of very rigid steel con- 
struction and all casting was done on con- 
crete slabs. In the production of these beams 
it was found that initial casting of the full 
depth of the section frequently resulted in 
cracking of the web at its junction with 
the bottom flange due probably to shrink- 
age of the concrete. This condition would 
be further complicated on hot days by 
vertical expansion of the steel forms. Careful 
casting procedures were worked out in- 
volving pouring to the top of the web, then 
filling the upper flange when the previously 
cast concrete was approaching initial set 
and cooling of forms by mist spray. All of 
these efforts acted to reduce the extent of 
under flange cracking but did not eliminate 
it. It was necessary to reject several beams 
of this section and many others were ac- 
cepted with reluctance. Effective control 
was not accomplished until all producers 
forms in this section were revised to use a 
45° slope on the under side of the bottom 
flange with the junction of flange and web 
rounded to eliminate the sharp break. 
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METHOD OF CORRECTION 


FIGURE @2 


No structural member in the writer’s ex- 
perience has ever been subjected to a more 
rigorous mathematical analysis than the 
prestressed beams for the Lower Tampa 
Bay Bridge. The beams were designed by 
the Preload Company of New York and 
the design was independently checked by 
Consulting Engineers for the project and 
by the Bridge Division of the Florida Road 
Department. The section was examined for 
every probable combination of loading. Prior 
to final adoption full size specimens were 
tested to destruction and tests verified the 
rational analysis in all particulars. Prin- 
cipal tensile stresses were computed at 
values that would not, in themselves, require 
the use of web reinforcement and accord- 
ingly none was used. It appears that this 
omission may have been a mistake. The 
possibility of under flange cracking, which 
was not known during the design period, 
would alone be reason enough for the use 
of some web reinforcing. Lately several of 
these beams have been brought to a state 
of near collapse due to web failures oc- 
casioned by an unanticipated cause. 

Figure 2 shows, schematically, the method 
of support of the 48 ft. beams on pile 
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bents. At bridge ends the foundations are 
open type abutments on concrete piles 
some of which are battered to oppose pres- 
sure from the adjacent fills. Despite the 
use of battered piles all of the abutments 
have been subject to small forward move- 
ments due to fill pressure. The abutment 
pressure is applied to the full depth of the 
beam at one end and is eccentrically re- 
sisted at the first interior bent at the op- 
posite end. These forces have caused severe 
horizontal splitting of the 4”, unreinforced 
web immediately above the bottom flange 
in the outer half of the beams in two end 
spans. It is probable that actual collapse 
of one span where all of the beams were 
thus split was averted only by a timely dis- 
covery of this condition. Correction was 
made by installing a system of bolted hang- 
ers anchored to large expander sleeves in- 
stalled in the slab and by relieving the 
pressure at the interior bent. The hangers 
merely serve the purpose of vertical web 
reinforcing which should have and could 
have been much more cheaply and ef- 
fectively installed within the web. 

Another instance in which the advisability 
of using some web reinforcement in I-type 
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beams was demonstrated was occasioned 
by the inadvertent omission of required web 
steel in the manufacture of several beams 
for a large Flerida bridge job. The web of 
the beam shown in Figure 3 should have 
been reinforced by extending the legs of 
the hairpin stirrups for the entire web 
depth and into the bottom flange. Instead 
of this, short stirrups were furnished which 
provided no web reinforcement and several 
beams were cast before the error was dis- 
covered. Computations indicated that prin- 
cipal tensile stress was negligible under 
working loads and within acceptable limits 
under overloads. It was agreed that all 
beams would be accepted provided a com- 
posite test section made with one of the 
beams, selected at random, was shown to 
be capable of withstanding without failure 
an over load in shear and bending equal 
to three times live load plus impact, which 
is the requirement for ultimate overload as 
given in the Bureau of Public Roads Criteria. 

The composite test section shown in 
Figure 3 was loaded in the indicated po- 
sitions. The shear test was carried to 3(L+ I) 
then raised to 4(L+1) without any de- 
tectable distress in the speciment. The bend- 
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ing test at 3(L+I) produced only minor 
cracking of the bottom flange and the test 
was considered successful at this point. The 
test however was continued until the ul- 
timate load in bending was reached at 4.6 
(L+1I) as evidenced by the horizontal shape 
of the load deflection curve, Figure 4, yet 
failure came by a very sudden collapse of 
the web. While the beam could not have 
taken a greater load it would probably have 
sustained the ultimate load for a longer 
period and been capable of a greater ulti- 
mate deflection had the web been properly 
reinforced. 

Both the Criteria for Prestressed Concrete 
Bridges of the Bureau of Public Roads and 
the tentative report of ACI-ASCE Commit- 
tee 323 on Recommended Practice for Pre- 
stressed Concrete, recommend the use of a 
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minimum amount of web steel regardless 
of computed need. From these experiences 
the writer wishes to add the strongest pos- 
sible endorsement of these recommenda- 
tions. Based on nothing more authentic than 
a vague sense of proportion the writer would 
also recommend a minimum thickness for 
webs of beams as not less than 20% of the 
clear height between flange fillets. 

‘Considering the lack of experience and 
precedent, the observed shortcomings of pre- 
stressed concrete in Florida bridge prac- 
tice have been minor and far more than 
compensated for by advantages. These many 
advantages have been so distinct that pre- 
stressed members have almost completely 
replaced rolled steel I beams, reinforced 
concrete T beams and reinforced concrete 
piles in our structures. 
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The PRESTRESSED CONCRETE 
INSTITUTE is the clear= 
ing-house for all infor=- 
mation related to the 
prestressing industrye 
Its publications and 
Short Gourses, conven= 
tions and research pro= 
grams keep members fully 
informed of latest de=- 
velopments in the design 
production, application, 
and installation of pre-~ 
stressed concrete struce- 
ture Se The one sure 
way to keep up with the 
progress being made by 
this dynamic young in- 
dustry, is through mem= 
bership in its national 
association=-——=-the PRE= 
STRESSED CONORETE INSTI« 
TUTE JoinececeelODAY! 
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RETARDANT FORM COATING 


Rugasol-F is painted directly on formwork. 
When forms are stripped (2 to 5 days), the 
retarded surface mortar is removed with a jet 
of water or stiff brush. 


(Rugasol-F was formerly designated Sika RFC 
#2 water-insoluble grade) 
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RETARDANT CONCRETE COATING 


Rugasol-C is applied on the surface of freshly 
placed concrete. On the following day, the re- 
tarded surface mortar is removed with a jet 
of water or stiff brush. 


- (Rugasol-C was formerly designated Sika RFC 


water-soluble grade) 


You will find it easy to expose concrete aggregate 
with the Rugasol method. Rugasol eliminates the need 
for costly chipping, hacking, sand-blasting and acid 
washing on new construction work, 

Write or call today for detailed information. 
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CUMFLOW mixers are available in 6 sizes, from 2 cu. ft. lab. models to 50 cu. ft. pre- 
duction models. Stationary or portable, with or without skip. Power optional. Mixers 
furnished for electric, gasoline or Diesel power operation. 


CUMFLOW 


SCIENTIFIC MIXING SYSTEMS 


Manufactured by THE LINER CONCRETE MACHINERY COMPANY, 
LTD., of Gateshead, England 


The CUMFLOW SCIENTIFIC 
MIXING SYSTEM is designed and 
built expressly for the precast and 
prestressed concrete industries. Using 
this system you can obtain from 15 
to 40 uniformly mixed batches of con- 
crete per hour. CUMFLOW mixes 
any type concrete desired — slump, 
plastic or wet mix, lean or rich mix, 
fine or coarse mix, light or heavy mix 
—with 100% efficiency and uniformity. 


The CUMFLOW SCIENTIFIC 
MIXING SYSTEM consists of a mixer 
star supported eccentrically over the 
mixing pan. The star revolves at a 
relatively high speed. Blades attached 
to the star are arranged so as to ob- 
tain the maximum number of points 
of intersection during revolution. 
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Batched materials are fed continu- 
ously to the mixing star by the pan’s 
revolutions and are mixed evenly and 
thoroughly in a matter of minutes. 
Further mixing action is obtained by 
fixed side blades. This unique system 
gives an absolute clean pan after each 
discharge — no part of the mix is car- 
ried over to the next batch. 


CHECK THESE IMPORTANT 
ADVANTAGES 


Every batch uniform; no variation whatsoever 
Greater strength concrete 

with minimum cement content 

Balling or segregation impossible 
Self-cleaning pan 

Up to 11,700 psi concrete possible 

From 10% to 25% savings in cement content 
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The CUMFLOW SCIENTIFIC 
MIXER SYSTEM was perfected after 
years of research to meet a growing 
demand by engineers for a more in- 
tensive mixing element which would 
give them complete control of the 
product at all stages a feature 
not obtainable in conventional-type 
mixers. 

One user of this system, with 
cement bill of $1,00,000 a year, says: 
“On tests, we have found Mixer A 
gave us 4,200 psi; the CUMFLOW 
gave us 6,000 psi concrete. We re- 
duced the cement content in the 
CUMFLOW by 25% and were able 
to obtain 5,000 psi concrete. We have 
also obtained concrete of 10,000 to 


11,000 psi in this mixer.” 

The CUMFLOW SCIENTIFIC 
MIXERS, manufactured by the Liner 
Concrete Machinery Co., Ltd., Gates- 
head, England, are built on the lines 
of a machine tool. They are not to be 
confused with conventional-type mix- 
ers. Available on a world-wide basis, 
with several parts depots maintained 
in America for prompt replacement 
service. 

To realize savings of from 10% to 
25% on cement costs, and to produce 
uniform mixes every time, write us, 
advising in cu. yds., the production 
needs per hour of your plant. We will 
promptly forward details of the size 
mixer best suited to your needs. 


The Basalt Rock Co., Inc., Napa, California, is one of the many North American users of 
LINER CUMFLOW SCIENTIFIC MIXER SYSTEMS. 


: Distributor and agent in North America for 
a the LINER CONCRETE MACHINERY CO., 
LTD., Gateshead, England. 
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Fig. 30—Beam C-4 After Failure 





Behavior of Simple-Span 


" And Continuous Composite 


Prestressed Conerete Beams 


BY A. M. OZELL 


Professor, Civil Engineering 


University of Florida, Gainesville 





part 2 











This is Section II of a research project 
co-sponsored by the Prestressed Concrete 
Institute and the Civil Engineering Depart- 
ment of the University of Florida. 

Messrs. M. C. Greene, Jr., R. E. Wright, 
and D. A. Sawyer were helpful in conduct- 
ing the tests and preparing this report, 
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OBJECT AND SCOPE 


The purpose of this study was to de- 
termine the elastic and ultimate behavior of 
continuous composite prestressed concrete 
beams constructed by placing two simply 
supported prestressed beams end-to-end and 
by providing mild steel in the negative 
moment zone. 

Tests were conducted to determine the 
strain distributions, deflections, cracking 
loads, ultimate loads and the measuring of 
reactions. Observations were made for flex- 
ure and bond cracks, hinge action, excess 
elongations of the negative steel and the 
crushing of the concrete. Comparisons of 
continuity by methods of load deflections 
and measured reactions were made and as- 
sumptions of elastic and ultimate behavior 
were checked. 


DESCRIPTION OF SPECIMENS 


The beams tested had three different 
cross-sections as shown in Fig. 1, with eight 
beams in each group. Each beam had an 
overall length of 16.5 ft. and was given a 
designation according to Fig. 2. The beams 
were cast by Dura-Stress, Inc., of Leesburg, 
Florida, and wet-burlap cured for four days. 
The stress was released after five days at 
which time the cylinder strength exceeded 
4,000 psi. Mix design per cubic yard of 
concrete was as follows: 


8.5 bags Type III cement 

35 gallons water 

1,046 Ib. Tavares sand (Fineness Modulus: 
2.30; Sp. Gr.: 2.63) 

1,861 lb. Brooksville stone (FSRD type 9; 
Sp. Gr.: 2.52) 


The prestressing steel was Roebling, 7/16- 
in., 7-wire strands and each strand was 
initially tensioned to 18,900 Ib. Since the 
age of the prestressed portion of the beams 
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varied between 31 and 115 days, a total 
stress loss of 20 percent was assumed to 
have occurred before the beams were tested. 
The two outside strands in type A and B 
beams were unbonded (sheathed) 4 ft. from 
each end to prevent excessive compression 
of the bottom fibres at the center support 
while being tested as continuous beams. | 

For comparison, some of the composite 
beams were tested as simply supported 
beams. The topping for all the simply sup- 
ported specimens was cast in the laboratory 
with no intermediate shoring. 

The continuous beam specimens were 
formed by placing beams end to end as 
shown in Fig. 3. The protruding ends of 
the prestressing steel between the beams 
were burned off flush with the end faces 
of the beams. The concrete topping was 
then poured on the beams after mild steel 
reinforcing bars had been placed in the 
negative moment area. No _ intermediate 
shoring was used while placing the cast-in- 
place portion of the composite continuous 
beams. 

The concrete used as a topping was ob- 
tained from a local ready-mix supplier. It 
had a specified slump of 3 in. and a 28-day 
strength of 4,000 psi. The concrete was 
placed and vibrated internally. Mix design 
per cubic yard was as follows: 


4.75 bags Type I cement 

82 gallons water 

1,312 Ib. Interlachen sand (Sp. Gr.: 2:52) 
1,755 Ib. Brooksville stone (Sp. Gr.: 2.54) 
1.5 Ib. Pozzolith 


Three standard 6-in. x 12-in. cylinders per 
beam were prepared from each batch of the 
concrete used in the prestressed and also the 
cast-in-place portion of the specimens. The 
cylinders were cured in the same manner as 


the beams. 
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TEST PROCEDURE 


Test Set Up 


All of the simply supported beams, ex- 
cept beams A-3 and A-4, were tested with 
a 400,000-lb. Riehle screw-power, beam- 
balance, testing machine with a single con- 
centrated load. Steel plates, 4x 14x % in., 
were grouted to the beam at the supports 
and at the point of loading. 

In the testing of the continuous beams a 
hydraulic jack was used to apply the test 
load on a steel beam which transmitted 
equal loads to each’ of the two continuous 
spans. Steel loading pads were used at the 
supports to measure the reactions. 

Each loading pad consisted of an 8-in. x 
8-in. x l-in. steel plate. Two SR-4 electric 
strain gages, type A-l, fastened to the 
bottom of each plate, measured the strain 
due to bending of the plate resulting from 
the applied load. (See Fig. 3) Each of the 
three pads were calibrated and found to 
have an accuracy of +3 per cent within the 
test-load limits. 


Loads and Loading 


All beams were supported and loaded as 
shown in Fig. 4. Increments of load were 
applied to give seven to nine readings before 
failure. Each set of readings on the simple 
spans took 10 minutes, and on the con- 
tinuous beams 25 minutes, to complete. For 
loads up to cracking, the decrease of super- 


imposed load due to plastic flow of the 
concrete was negligible; however, from 
cracking to failure the lead fell considerably 
while readings were taken. For continuous 
spans, intermittent jacking assured the de- 
sired load. 

The cracking load was determined by a 
combination of three methods. The first 
was by observation of the beam for any 
visible cracks, the second was by detecting 
an appreciable increase in the strains, and 
the third was by observing a sharp break in 
the load deflection curve. 


Strains 


Concrete strains were measured with a 
5-in. Whittemore mechanical strain gage 
with readings to the nearest .0001 in. Holes 
for the contact points of the gage were 
drilled in metal plates. These gage plates 
were glued to the face of the test specimen. 
at 2-in. intervals, with rubber cement and 
allowed to dry over night. It appeared that 
the bond between the gage plates and the 
concrete was sufficient since, when the gage 
plates were removed efter testing, often a 
portion cf the surface of the beam was torn 
cut with the plate. 

On the simply supported beams, strain 
gages were placed at the points of load and 
at 4 ft. from the ends of the beams, the 
point where sheathing started. On the con- 
tinuous beams strain measurements of the 
concrete and the negative steel were taken 


Table |. Cylinder Test Results 



































Beam | E (10° psi) f. (psi) | Curing (Days) 
No Field Core Field Core Field | Core 
Al 4.40 6,700 | 38 
A3 4.70 4.15 7,810 4865 | 89 14 
A4 4.70 4.15 7,810 4865 | 89 14 
A5&6 4.64 3.84 6,760 4030 | 55 9 
A7&8 4.64 3.18 7,500 3,260 101 7 
Bl 4.64 6,865 31 
B3 4.83 3.90 7,950 4,460 89 22 
B4 4.83 3.90 7,950 4.460 55 25 
B5&6 4.73 3.17 7,585 3430 95 "1 
B7&8 4.94 3.96 7,270 4050 | 115 10 
Cl 4.68 5,055* 56 
C2 4.56 7,315 73 
C3 (3.80) 3.70 (5,800) 4,600 67 22 
c4 44] 3.83 7,100 4,500 70 25 
C5&6 4.73 3.57 7,470 3,720 76 5 
C7&8 4.74 3.63 7,750 3,910 81 | 20 








( ) Faulty Capping 
* Damaged by shrinkage crack 
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over the center support. The strains in the 
negative steel were measured by a Whitte- 
more gage using gage points drilled in each 
reinforcing bar. 

Concrete strains were recorded up to 
cracking load. The strain measurements of 
the negative steel were taken up to failure 
to determine if the yield point had been 
reached. 


Deflection 


The simple span and continuous beam 
deflections were all measured with Ames 
dials reading to the nearest .001 in. The 
dials were removed soon after cracking so 
that they would not be damaged at failure. 


Cylinders 


Cylinders were prepared according to 
ASTM standards and tested in a 300,000-Ib. 
Riehle, hydraulic testing machine. A com- 
pressometer with a magnification ratio of 
two on an 8-in. gage length was used to 
measure the strains. An automatic record- 
ing device was used to obtain values for 
stress versus strain curves from which the 


initial tangent modulus of elasticity of the 
concrete was obtained. Results of all cylin- 
der tests are presented in Table I. 


Preliminary Beam Tests 


To determine the effect of the sheathing, 
a preliminary test was conducted on a con- 
tinuous composite beam supported 3 in. 
from the ends, with loads applied 7 ft. 
from the exterior supports. The beam 
cracked at the exterior point of prestress 
change (point where sheathing started) where 
it also failed ultimately. To cause the initial 
cracking to occur at approximately the mid- 
span by eliminating the adverse effect of 
sheathing, the exterior supports of the re- 
mainder of the continuous beams were 
moved 21 in. toward the center support. 

The next beam, used partially as a trial 
test, was A5&6 with six No. 6 bars for 
negative steel. This beam was tested with 
the loads placed 7% ft. from the exterior 
supports. The initial crack occurred under 
the load as desired, but as load was in- 
creased, more cracks were induced which 
developed into typical shear cracks. The 
beam ultimately failed suddenly 4 ft. from 


Table Il. Summary of Stresses at Cracking 


Simple Beams 
























































| Calculated | 
Beam Stress in 
No. Load (Kip) Moment (K”) ____Concrete* | % f'. 
Al 11.76 265 +428 0©=6 | 
Bl 12.97 292 + 533 | 7.8 
A3 19.55 394 +235 3.0 
A4 19.80 400 +245 3.14 
B3 23.95 482.5 + 198 1.58 
B4 25 62 518 +252 1.58 
Ct 3.98 191 +584 9.7 
C2 5.00 240 + 1,204 (20.4) 
C3 15.93 765 + 235 4, 
C4 17.86 857 + 3To 5.3 
Continuous Beams 
Moment Over Moment 
Beam Load per Center Support Under Load 
No. Span (Kips) * (K”) : % fe 
A5&6 32.6 —570 — 09 
A7&8 30.0 —420 1,130 | 5.34 
B5&6 42.0 — 740 1,540 10.0 
B7&8 42.0 —740 1,540 14.3 
C5&6 25.0 —453 980 zs 
C7&8 22.0 —420 866 9.8 
* + for tension, — for compression 
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the center with no unusual change in the 
strain readings at this location. To provide 
for an optimum resisting moment of the 
beams and still have them crack under the 
load, the point of load was moved to a 
point 6.5 ft. from the exterior support for 
the remaining types A and B continuous 
beams. Also to reduce the degree of fixity 
over the center support, the area of mild 
steel was reduced from No. 6 to No. 4 bars. 

The type C beams did not have any 
sheathing covering the bars which per- 
mitted the use of the maximum length. 
However, these proved to have undesirable 
characteristics of separation between the 
prestressed and the cast-in-place portions of 
the composite beams. 


TEST RESULTS AND DISCUSSION 
Cracking Stresses 


The measured strain distribution, as shown 
in Figs. 5, 6, and 7, indicated composite 
behavior of the simple and continuous-span 
composite beams. 

In computing the stresses in the beams 
at cracking, the moments due to superim- 
posed load were determined as the product 
of measured reactions and the distance to 
the point where the crack appeared. A 
summary of these stresses is given in Table 
II for both the simple and the continuous 
beams. 


Continuity 

One method of determining the percent- 
age of continuity was to compare the 
measured reflections with the calculated 
deflections, herein called the load-deflection 
method. This method was employed because 
of its relative simplicity and expediency. 
Results of load-deflection relationships are 
given in Figs. 8, 9, and 10. 

For these tests the load versus deflection 
curve for the simple composite beam was 
used as the elastic curve from which the 
value for EI was calculated for all three 
types of beams. The results are presented 
in Table III together with the cylinder test 
results for comparison. 


Table III]. Modulus of Elasticity (10° psi) 





Beam A B . 
Cylinder 444 4.73 4.40 
Load-deflection 2.47 3.86 4.04 


Since the moduli of elasticity obtained 
from the beam tests were believed to be 
more representative of the flexural modulus, 
these values were used to establish the theo- 
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retical load versus deflection curves for 
simple and continuous spans and compared 
with test results. These values are shown 
in Figs. 11, 12, and 13. The continuity for 
the B-type beam‘ could not be found in this 
way because, as seen in Fig. 9, the load- 
deflection curve of the simple composite 
beam is congruent to the curve of the con- 
tinuous beam. 

The second, and perhaps a more reliable 
method for determining percentage of con- 
tinuity, was that of comparing calculated 
reactions with measured reactions, herein 
called the ratio-reactions method. This 
method (identical to “ratio-moments” meth- 
od if the moments could be measured) was 
based on the distribution of loads and pre- 
sented a more realistic picture since it was 
independent of wwe properties of the two 
concretes. The simple beam and the fixed- 
end beam set the boundaries for 0 and 100 
percent continuity. The center reaction R?2 
divided by the end reaction R’, formed the 
desired ratio by which the percent continuity 
could be determined. The results are shown 
in Figs. 14, 15, 16, and 17. 

A summary of percent continuity values 
obtained by both methods is given in 
Table IV. 


Table IV. Percentage of Continuity Comparison 
Load-Deflection and Ratio of Re- 
action Methods. 


Percent Continuity 





Beam Load Deflection Reactions 
A5&6 725 65.0 
A7&8 $5.5 455 
B5&6 0 46.3 
B7&8 0 37.3 
C5&6 26.5 55.0 
C7&8 26.5 53.0 


During the continuous beam tests there 
were two stages of moment redistribution. 
The initial negative moment was resisted by 
uncracked concrete over the center support, 
which gave the beam a greater percentage 
of continuity. When this concrete cracked 
the first redistribution transferred the full 
tension to the negative steel resulting in 
partial freedom to rotate and a reduction in 
the degree of fixity. Cracking was pro- 
gressive and therefore did not cause a sud- 
den loss. However, the loss of continuity 
from further steel elongation is shown by the 
downward trend of the measured ratios. 

With further loading, a second crack in 
the positive area appeared and its presence 
again caused redistribution of the moments. 
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The tensile stresses resisted by the concrete 
were then transferred to the pretensioned 
steel. The resisting moment of the beam 
was increased only until the yield point of 
the prestressing steel was reached. 

As soon as the prestressing steel yielded 
(except for a slight increase in resisting 
moment) the cracked portion of the beam 
acted as a hinge, transferring additional load 
to the center reaction in a “cantilever 
action.” Thus the magnitude of the center 
reaction increased relatively faster than the 
exterior reactions, and the ratio R2/R! in- 
creased, raising the percentage of continuity. 

The second redistribution of moment also 
moved the point of inflection farther from 
the center reaction and in some instances 
the absence of negative steel caused tensile 
failure of the concrete at points where nega- 
tive steel was cut off. 

The percentage of “apparent continuity” 
for beam A5&6 was greater than for beam 
A7&8 because beam A5&6 had over twice 
the area of negative steel as the latter beam. 
A comparison of results given in Figs. 14 
and 15 shows a continuity increase of almost 
50 percent at the cracking load. It is be- 
lieved that continuity is related to the 
amount of negative steel used, since a greater 
amount of steel would reduce the total 
strain over the intermediate support and re- 
strict the magnitude of rotation. However, 
more tests are needed to determine the 
optimum proportions. 

The results of these tests indicated rela- 
tively low percentages of “apparent con- 
tinuity” compared with “true (ideal) con- 
tinuity.” For longer spans the percentage 
of continuity could be greater since larger 
values of negative moment result from 
greater span lengths. As stated before, such 
spans would require greater amounts of 
negative steel which, in turn, would in- 
crease the degree of fixity if the strains 
were relatively small. This should be brought 
out in future tests. 

In these tests the stiffness of the beams 
was quite high because of their great depth 
in relation to length. The deflection up to 
cracking was never more than 0.03 in. 
during the tests and, with the utmost care, 
even a small discrepancy in readings would 
create a high percentage of error in the 
continuity determined by the method of 
load-deflection. 

A comparison of the increase in the 
cracking-load capacities of various beams 
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by the addition of the cast-in-place con- 


crete and negative reinforcing are shown in 
table V. 


Table V. Comparison of Increase in 
Cracking Load Capacities 








Load; 
Continuous 
Area; Moment; Composite 
Composite Composite Simple 
Non-Composite Non-Composite Composite 
Beam 
A-type 2.0 15 iS 
B-type 1.6 is ty 
C-type 4.0 3.6 1.4 





Behavior at Ultimate Load 


The initial crack in type A and B simple 
composite beams occurred at the point of 
change in prestress where the beam also 
failed. A typical failure of type A and 
type B simply supported beams is shown 
in Figs. 18 and 19, respectively. No bond 
loss was observed between the cast-in-place 
and the prestressed concretes. The wide 
crack indicated that the prestressing steel 
was yielding considerably which caused 
the secondary crushing of the top con- 
crete. Beam B4 was the only one which 
failed completely by severing the strands. 
A view of this tension failure is shown in 
Fig. 20. 

The progression of cracks which devel- 
oped in the continuous beams was as fol- 
lows: the first group of cracks appeared 
over the center support, the second group 
appeared in the positive moment area under 
the load, the third generally occurred at the 
exterior change of prestress point. The type 
C beams and beam A5&6 were exceptions 
to this. 

The ultimate point of failure of the 
three types of continuous beams is shown 
in Figs. 21, 22, and 23. The calculated 
ultimate stress in concrete and prestressing 
steel, using Whitney’s theory, is presented 
in Table VI. Superimposed load versus 
measured-strain relationships in the negative 
steel of various beams are given in Figs. 
24 to 29. 

Figs. 24 and 25 show that more yielding 
occurred in type A beams in the center 
bars of mild steel than in the outer bars as 
a result of stress lag. In such beams nega- 
tive steel should be placed closer together 
at the center of the flange and wider apart 
toward the edge. Figs. 26 and 27 show 
yielding in the negative steel for type B 
beams. 
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Table V1. Summary of Test Results at Failure 


Simple Beams 









































___ Moments (K”) Stress* | 
Beam Load Steel | Concrete | 
No, (Kips) Steel | Concrete (ksi) (psi) ** % fe 
Al 20.90 47] 590 Tia -—3,660 54.6 
BI 20.59 464 594 +224 -—2,870 | 53.5 
A3 33.25 673 912 + 232 —3,160 | 86.6 
A4 30.25 610 830 +210 —2,880 | 79.0 
B3 44.20 893 1,270 + 238 —3,600 | 80.7 
B4 49.76 1,005 1,430 + 268 —4,060 | 91.0 
Cl | 5.90 283 + 168 
c2. | 6.63 319 +189 
C3 35.60 1,710 +222 —3,385 | 735 
C4 | 40.20 1,930 +248 | 4070 | 90.5 
Beams of Type C (simply supported) failed under the load (no sheathing) 
Moment values were obtained by using different lever arms—See Fig. 29 
Continuous Beams 
| | | Moment at Stress* 
Beam Load Reaction | Compression Steel | Concrete | 
No. | (Kips) | (Kips) | Block (K”) (ksi) | (psi) ** % Fe 
A5&6 | 54 16.0 0 | 
A7&8 36 17.0 884 +135.5 | -—3,050 94 
B5&6 60 22.6 1,000 + 159.0 | —2,910 85 
B7&8 52 25.9 1295 | +1980 | —=3,620 90 
C5&6 42 | 15.6 Shear | 
C7&8 46 16.0 Shear | 











Beams of Type C (continuous) failed in shear and diagonal tension 
All beams of Type A & B failed at point where sheathing started 


(4 ft. from end of beam) 
* + for tension, — for compression 
*%* Using Whitney’s method (k! = .85) 


The progression of cracks in the type C 
simple composite beams followed that for 
any ordinary beam. The failure cracks are 
shown in Fig. 30 (at beginning of this ar- 
ticle). Very little bond was lost. 

The continuous beam C5&6 was caused 
to fail prematurely by a combination of 
bond failure between the two concretes 
and diagonal tension. As the negative mo- 
ment cracks deepened near the center sup- 
port and extended to the lintel, a bond 
failure of about 16 in. was observed between 
the two concretes as shown in Fig 23. The 
loss of bond also relieved the stress in the 
negative steel. Thus, as shown in Fig. 28, 
the steel did not reach its yield strength. 

In beams C7&8, however, the two con- 
cretes held together allowing the beam 
to take a larger load which ultimately 
resulted in the yielding of the negative 
steel as shown in Fig. 29. 

The No. 2 rods were of little value 
because of their small size and smoothness. 
It is believed thit the ultimate strength 
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of type C beams could be improved by 
furnishing stirrups to take the diagonal ten- 
sion. In general, type C beams did not 
appear to be suitable for continuity. 


CONCLUSIONS 


1. The behavior of the individual beams 
followed the elastic theory very closely 
until cracking. 

. The percent continuity of this type of 
construction determined by the method 
of measured reactions is believed to be 
more accurate than by the method of 
load deflections. 

. The addition of negative steel added 
considerable strength to types A and B 
beams, but little advantage was gained 
in type C beams. The effect of a topping 
placed on the job greatly increased the 
carrying capacity of all three types of 
beams tested. 

. The ultimate strengths were in close 
agreement with values computed by 
using Whitney’s method. 
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Type A Beam 

Bare Comp. 
c(i 7 11 
ICin+) 1830 5760 
A(in®) 112 21h 
e(in)| 3.75 3.75 
F( Kip) 30.2) 30.2h 
d(in)| 10.75 13.75 

Type B Beam 

Bare Comp. 
C, (in) 7 11 
Cc (in) 7 11 
Tin yy 1830 7100 
A(in?)} 112 176 
e(in) | 3.75 | 3.75 
F(Kip)| 30.29 |30.2h 
d(in) | 10.75 |18.75 

Type C Beam 

Bare Comp. 
C,(in)| 4.8 9 
op( in) 2.83 7 
I (ind 225 580 
A (ing 54 216 
e (in)} 0.73 0.73 
F(Kip)| 75.6 75.6 
d (in) 5.5 15.9 

















Fig. 1 Detail of Specimens 


June 1957 


49 








Type A_ T = section 






































oes | | | l LLI 
non-composite oh ie composite 
Beams Al and A2 Beams A3 and Al 
Beams AS also A7 Beams A6 also A8 
eh} 








Continuous composite beams A5&6 also A7&8 









































Type B Rectangular section 
a ‘2. ses. 
non-composite composite 
fore 
Beams Bl and B2 Beams B3 and Bh 
Beams BS and B7 Beams B6 and BB 


Continuous composite Beams B5&6 also B7&8 


Type C U - section (rectangular composite) 









































_ fon-composite_ __ __| | _ _composite  ____ 
r* hw “ae. 
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Continuous composite beams C586 and C7&8 
Fig. 2 - Number Designation of Beams 
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Fig. 3 Continuous Beam Details 
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Fig. 6 - Measured Strain Distributions for 
Beams B3, Bh, BS, B7 
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Fig. 8 = Deflection Vs. Superimposed Load, 
Beams Type A 
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Fig. 9 = Deflection vs. Superimposed Load 
of Type B beams. 
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Fig.10 - Deflection vs. Superimposed load, 
Beams Type C 
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Load-Reflection Method - Beams A5&6 
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Fig. 12 - Variation in Continuity Determined by the 
Load-Deflection Method - Beam A7&8 
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Fig. 13 = Variation in Continuity Determined by 
the Load-Deflection Method - C Type Beams 
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Fig. 1h = Variation in Continuity of Beam A58&6 
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Fig. 19—Beach B-3 After Failure 
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Fig. 20—Broken Strands of Beam B-3 





Fig. 21—Beam A5 & 6 After Failure 
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Fig. 22—Beam B5 & 6 After Failure 


Fig. 23—Beam C7 & 8 After Failure 
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Fig. 2h = Superimposed Load vs. Strain in Mild Steel 
of Beam A5&6 
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Fig. 26 = Superimposed Load vs. Strain in Mild Steel 
of Beam B 5&6 
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Fig. 27 - Superimposed Load vs. Strain in Mild 
Steel of Beam B7&8 
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Fig. 28 - Superimposed Load vs. Strain in Mild Steel 
of Beam C586 
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What 
1S 
PC. 1.2 


By J. REX FARRIOR, JR. 
Legal Counselor for P. C. I. 
Tampa, Florida 


P. Cc. Ll. is legally known as Prestressed Concrete Institute, Inc., 
a corporation not for profit organized and existing under the statutes of 
Florida, Chapter 617. The Institute is legally recognized as a scientific, 
charitable and benevolent association. 

The original charter was approved by the Circuit Court at Tampa, 
Florida, on June 18, 1954. Officially, the object of the Institute is the 
formation of an association of manufacturers of prestressed concrete and 
of persons and companies in allied or related industries for the mutual 
exchange of information and ideas; and generally to do anything bene- 
ficial for its members and the prestressing business which does not violate 
the laws of Florida or the United States. 

The charter provides for seven classes of members: Active, for 
prestressed manufacturers; Associate, for related businesses; Professional, 
for architects and engineers; Affiliate, for supervisory and technical 
employees, non-graduate; Junior, for architects and engineers in train- 
ing; Student, for students enrolled in accredited architectural and engi- 
neering colleges, and Honorary, for such persons as the Board of Direc- 
tors may wish to honor. 

From a tax standpoint, the Institute enjoys an enviable position. 
Being a valid non-profit corporation, it is not required to pay any tax 
on its receipts, and therefore 100 per cent of its income can be devoted 
to research and other useful projects. 

Fortunately, also each member's dues and contributions are com- 
pletely deductible by the member for income tax purposes. 

Both tax factors therefore guarantee to the Institutes members 
more than full value for each dollar invested. 
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APPLICATION FOR MEMBERSHIP IN PRESTRESSED CONCRETE INSTITUTE 


1. 


_ 


3. 





PRESTRESSED CONCRETE INSTITUTE 








425 N.€£&. FIFTH STREET 


BOCA RATON, FLORIDA 


(A non-profit corporation) 


Name and address of company applying for membership: 











Name of person to represent company in Institute affairs: 





Type of membership applied for: 


[] Active (manufacturer) 
| have done the following types of prestressing: 
Post-tensioning 
Pre-tensioning 
Combination of both of above 
Precasting 
On-the-job post-tensioning 
On-the-job pre-tensioning 
Design 
[] Associate (related business) 


OOOOU0dO 


| am-in the business of 


(cut along this line) 











Professional (registered architect or engineer) 
| hold certificate No of the State of 








graduate) 
Junior (limited to architects and engineers in training) 


i}. Hw 


and engineering) 
Name of School 


Affiliate (limited to supervisory and technical employees, non- 


Student (limited to students of accredited schools of architecture 





| understand the financial arrangements and am not to make any pay- 


ment until approval of this application for membership. 
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PRESTRESSED CONCRETE INSTITUTE 








423 NN. E&. FETA STREET 
BOCA RATON, FLORIDA 


MEMBERSHIP QUALIFICATIONS 


SCHEDULE OF DUES 


Anyone engaged in the production of prestressed concrete, or in the production of 
materials or equipment allied to the prestressing industry; licensed architects and 
engineers; engineers and architects in training, and students enrolled in accredited 
schools of architecture and engineering, are invited to apply for membership in 
gag Concrete Institute. Membership classifications have been established 
as follows: 


ACTIVE 


Organizations and individuals actively engaged in the 
production of prestressed concrete products. 
Annual Membership Dues $250.00 


ASSOCIATE 


Organizations and individuals engaged in the production 
of materials and equipment allied to the prestressed 
concrete industry. 


Annual Membership Dues $250.00 


PROFESSIONAL 


Limited to registered architects and engineers. 
Annual Membership Dues $ 25.00 


AFFILIATE 


Limited to supervisory and technical employees, non-graduate. 
Annual Membership Dues $ 15.00 


JUNIOR 


Limited to architects and engineers in training. 
Annual Membership Dues $ 15.00 


STUDENT 


Limited to students of accredited architectural 
and engineering schools. 
Annual membership dues, effective January 1, 1957 $ 10.00 


(For student members outside continental U. S., Canada included) $ 12.00 


Members receive the PCI JOURNAL, a quarterly technical publication, and 
PCItems, a monthly news bulletin, without additional cost, plus research bulletins 
and other information on prestressing as it becomes available. 
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Use ) 
STEELFLEX 
au meta. Hlerible 
CABLE CASING 


For Armoring Post Tension 
Reinforcing Assemblies 





*Lengths to your specifications Flexible 
Tubing furnished with cement grouting inlets 
if specified. 


Write for Bulletin U-100-BX-1 









Quality ... au mera 
FLEXIBLE HOSE PRODUCTS 


UNIVERSAL 
METAL HOSE CO. 


Address: 2187 S. Kedzie Ave., Chicago, Ill. 





P. C items 


Published monthly by 


Prestressed Concrete 
Institute 


This lively illustrated news 
bulletin presents news of 
Institute activities . . . views 
of members facilities 
highlights outstanding pre- 
stressed concrete applications, 
and reports on latest develop- 
ments in research, production 
of prestressed concrete. 
Subscription $2.50 per year 
To start your subscription, 
write to— 


EDITOR 
PClitems 


3132 N. E. Ninth Street 
Fort Lauderdale, Florida 























: advertising 3 









LIBBY-BASKAM 


Consulting Engineers 


Prestressed Concrete Design * Plant Design 

Bridges * Multi-Story Buildings * Stadiums 

Industrial Buildings * Trestles * Reports 
Consultation 


151 Radcliff Dr., W. © E. Norwich, N. Y. 








Lakeland Engineering 
Associates, Inc. 
Professional Engineers 
P. O. Box 495 Phone Mutual 8-3971 


Lakeland, Florida 
Consultants in Prestressed Concrete Design 















PROFESSIONAL te 





WAYLAN ENGINEERING CO. 


Structural Consultants 


A. M. OZELL 
PAUL M. ZIA, Consultant 


Corsultants in Prestressed Concrete 
Reinforced Concrete °* Steel Design 
47 East Robinson Avenue 
Orlando, Florida 











This PROFESSIONAL SERVICES section 
has been established to enable engineers and 
architects to list the services they offer to 
the prestressing industry. Advertising rates 
are $10.00 per column inch. Copy should 
conform with ethical standards for advertis- 
ing as established by the various profession- 
al associations which govern advertising of 
architects and engineers. Copy and inquiries 
should be directed to the JOURNAL Publi- 
cation Office: 3132 N. E. 9th Street, Fort 
Lauderdale, Florida. 





29 through August 2, 1957. 





MAKE PLANS NOW TO ATTEND THE WORLD CONFERENCE 
AND 3rd ANNUAL PCI MEETING, San Francisco, California, July 
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SPECIAL PROCESS 


The Whiteley graphiting process 
inserts graphite into the plate 
under hydraulic pressure, pro- 
ducing permanent lubrication — 
these graphited plates will never 
be affected by moisture or tem- 
perature. The Whiteley plate is 
permanently lubricated when 
manufactured. Therefore, no ad- 
ditional lubrication at the time of 
field installation is necessary. 
Self-lubricating expansion plates 
available in thicknesses and sizes 
according to your specifications 
and needs. Supplied with graph- 
ite lubrication on one or both 
sides. 

Additional information and test 
reports available on request. 


THE 
Whiteley 


Bearing 


CORP. 
1238 S. Ashland Avenue 
Chicago 8, illinois 


June 1957 


eliminate 
fleld 
lubrication 


Exhaustive field tests have 
proved Whiteley graphited ex- 
pansion plates give anti-friction 
performance with an absolute 
minimum of field service, even 
under the most adverse condi- 
tions. These dependable, self- 
lubricating bronze plates are ap- 
proved by construction engineers 
for floating bearing linkagé on 
heat exchangers, boiler vessels, 


and bridges. 


@ Other 
graphited 
bronze 
products 
that bear 
the WHITE- 
LEY name 
are Thrust 
Washers, 
Bearings— 
stand- 
ard loop 
grooved or 
the drilled 
hole type— 
and Bronze 
Bushings. 











W 0 R L D Progress in prestressed concrete 


will be the theme of a WORLD CONFERENCE 
to be presented by the University of California 
in cooperation with the Prestressed Concrete Institute 
and other technical societies. 
The 3rd Annual meeting of the PCI 
will be held simultaneously with the Conference. 
The 5-day Conference will bring together scientists, 
engineers and manufacturers from the United States, 
Canada and foreign countries in order that their knowledge and 
experience may be pooled for the advancement of the 
science and industry of prestressed concrete. 
The dates of the Conference are: 
July 29 through August 2, 1957. 
The place: Fairmont Hotel, San Francisco, California. 
Registration fee: $25.00 (U. S. Currency). 
For reservation forms write to: 
Department of Conference & Special Activities, 
University Extension, University of California, 
Berkeley 4, California, U.S.A. 


Make your reservation now to attend 


~ CONFERENCE 
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CONCRETE ROOF GIRDERS 


for American Cyanamid’s new phosphate storage warehouse 


Working closely with Prestressed Concrete, Inc., 
Florida Division’s Form-Crete engineering staff 
supplied special mass-productign steel casting side 
forms to produce prestressed concrete griders for 
supporting the roof of American Cyanamid’s new 
triple phosphate storage plant at Brewster, Florida. 

This is a typical example of the capability of our 
Form-Crete consultant service in supplying custom 
designed and fabricated steel forms to meet your 
requirements for specialized projects. 
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e FLORIDA DIVISION 
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Important as this service is, our main objective 
is the supplying of skillfully designed and engi- 
neered steel poured-in place and semi-portable side 
forms for flat bed casting. Fabricated to order, there 
is a Form-Crete form for virtually every standard 
pre-stressed concrete product. 

Investigate this highly profitable new market— 
the prestressed concrete product field with its 
unlimited applications...write, wire or phone today 
—get into the prestressed concrete business now 
with FORM-CRETE steel casting forms! 


<— Send for 
i” 7 BULLETIN 200 


These girders are 101 ft.-6 in. 
long with a height of 12 ft. at the 
center tapering to 4 ft. at the ends. 
Top slab width is 3 ft.—weight 71 tons. 


FOOD MACHINERY anp CHEMICAL CORPORATION 


LAKELAND, FLORIDA 


ow 


v8) TAGONAL 


BRIDGE BEAMS 


CUSTOM FORMS 
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Roebling Bulletin PC-932 is designed to show what 
is being done and can be done with prestressed 
concrete members. 

One section is devoted to the details and oper- 
ation of casting beds. Another section gives en- 
gineering data for tensioning strands. 

Rather than tell you all about it, we would pre- 
fer to send you a copy. You can use the coupon or 
write to Construction Materials Division, John A. 
Roebling’s Sons Corporation, Trenton 2, N. J. 


ROE BLING 


Branch Offices in Principal Cities (Fl 
Subsidiary of The Colorado Fuel and Iron Corporation 


Construction Materials Division 
John A. Roebling’s Sons Corporation 
Trenton 2, New Jersey 


Please send me the new Roebling 
Prestressed Concrete Booklet PC-932. 


Name 





Company. 





Street. 





City 





Zone 








